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Abstract 
Self -incompatibility in Lolium species. 
A total of thirteen F1 ryegrass families, produced by crossing 
genetically unrelated self -incompatible plants, were studied. 
These included diploid and tetraploid P1 families which displayed 
a range of growth habits. The seven diploid F1 families included 
annual (L. rigid.um, Gaud.), biennial (L. multiflorum, L.), and 
perennial species (L. perenne, L.). The six tetraploid F1 
families included biennial and perennial species and, in addition, 
the interspecific hybrid between L. perenne and. L. multiflorum. 
Plants in each F1 family were crossed in a diallel array using 
the petri dish technique and pollen tube penetration of stigmas 
was observed by staining with aniline blue followed by fluorescence 
microscopy. Differential pollen behaviour was observed on some 
stigmas in all F1 families which indicated gametophytic determination 
of pollen behaviour, Each F1 family displayed a complicated 
pattern of compatible, incompatible and one way compatible 
reactions and twelve P1 families had more than sixteen different 
mating types. Thus, the self -incompatibility system appeared 
to be controlled by more than two loci. In addition, three 
levels of one ;ray compatibility were observed in some of the Fi 
families. Plants which were reciprocally incompatible in both 
diploid and tetraploid F1 families frequently displayed different 
mating types which indicated that not all the alleles in pollen 
and pistil had to be matched to produce an incompatible reaction. 
ii. 
Pollen viability was estimated by staining pollen grains 
with fluorescein diacetate and by culturing pollen grains 
in vitro. While pollen from all F1 families tested could be 
stained only pollen from non - annual Fi families was successfully 
cultured in vitro. A low frequency of cytological abnormalities 
which did not affect pollen viability, were observed in auto- 
and allotetraploid plants during pollen mother cell meiosis. 
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1 . INTRODtT TI Ti 
1. INTRODUCTION 
During the past thirty years forage grass cultivar improvement 
schemes have shown an increasing level of sophistication. At first) 
new varieties were developed using the technique of mass selection. 
More recently, the method of synthetic cultivar production has 
become widely established. In order to ensure complete rafldom 
cross -pollination between the components of the new cultivar, the 
chosen individuals or lines must be high ly self- incompatible. 
Progress using these traditional methods, although impressive, has 
been slow. Recently, several novel breeding methods have been 
suggested which could result in a dramatic increase in productivity 
if fully exploited by plant breeders. These novel techniques, 
for example, interpopulation hybrids (Foster, 1971) and F1 hybrids 
(Burton and Hart, 1964) have attractions and disadvantages. Both 
methods hope to capitalise on the heterosis which may occur in the F1 
generation when unrelated plants are crossed. The production of 
F1 hybrids tends to be expensive and inbreeding depression may cause 
the loss of potentially valuable inbred lines. Interpopulation 
hybrids are, in some respects, less attractive than F1 hybrids, as 
only 506 of the F1 generation will be hybrid, but may still be superior 
to synthetic strains (Foster, 1971). As the plants used to produce 
an interpopulation hybrid are not inbred maintenance problems are 
reduced in comparison to F1 hybrids. However, as yet, neither 
method has been widely adopted to produce new cultivars of forage 
grass species. 
These novel approaches, interpopulation hybrids and F1 hybrids, 
to forage grass breeding require controlled pollination between either 
lines or populations. .anipulati on of the self -incompatibility 
1 
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system of a forage grass species could give the degree of control 
necessary to effect a satisfactory level of cross -pollination between 
lines or populations. However, this requires detailed knowledge 
of the genetic control of the breeding system operating in a species, 
since this may affect the efficiency of hybrid seed production. 
For example, England (1974) has shown theoretically that the number 
of loci controlling the self- incompatibility system influences the 
relative proportion of hybrid seed produced in the F1 generation. 
This, in turn, may reduce the yield advantage of the F1 hybrids and 
hence the economic viability of this type of cultivar. 
There are two main types of self -incompatibility system, 
gametophytic and sporophytic. The latter, found in the Cruciferae 
has been used extensively for the production of F1 hybrid cultivars. 
,Within the Gramineae self -incompatibility is widespread and has 
been shown to be gametophytically determined. However, knowledge 
of the genetic control of self -incompatibility in agriculturally 
important forage grasses is variable. Meadow fescue Festuca 
nratensis) has been shown to have a two locus ga*rPitophytic self - 
incompatibility system (Lundgvist, 1955; 1961a). C ocksfoot (Dactylis 
glomerata) was thought to have the same type of self -incompatibility 
system as that found in F. Dratensis, but the results were difficult 
to interpret due to the tetraploid nature of this species (Lundgvi st, 
1969b). Self -incompatibility has been observed in other species 
used as forage grasses including PhleuL pretense and hexaploid Festuca 
arandinacea but has not been investigated. Studies en the genetic 
control of self -incompatibility in the most important temperate forage 
grass species, Lolium pererne and L. m itiflerum have failed to reach 
a consensus. Therefore a stud) of self-incompatibility in L. perenn 
3 
L. multiflorum and the annual L, rigidum was undertaken. In view 
cf the importance of -auto- and allotetraploid Lolium species in 
agriculture today, further studies of self -incompatibility included 
autotetraploid L. perenne and L. multiflorum and their allotetraploid 
hybrid. 
2. LITERATUR. E REVIEW 
2. LIERA T:M TURE RETIE`'r 
Flowering plants exhibit a range of breeding systems, from 
strictly inbred to fully cross -pollinated. Whereas inbreeding is 
usually achieved by cleistogamy (Lactuca sativa, Triticum aestivum), 
outbreeding species display a variety of mechanisms, both morpho- 
genetic and genetic, to ensure cross -fertilisation. Morphogenetic 
control of outcrossing separates the male and female gametes in space 
and /or time. In protandrous species the stamens ripen before the 
pistil is fully receptive (Daucus carota, Rubus idaeus), in protogynous 
species the pistil is receptive before the pollen is shed (Persea 
americana, Jugulans regia), and in monoecious species the "male and 
female flowers are separated in space (Zea mays). Genetic diversity 
to facilitate outbreeding can operate by: 
(i) separation of the sexes (Cannabis sativa, Humulus luDulus, 
Asparagus officin_alis). Dioecy, the mating system of most 
animals is of limited importance in the angiosperms due to the 
high pollen requirement, inefficiency of seed production and 
limited range of dispersal (Allard, 196C); or by 
(ii) self -incompatibility: the recognition and blockage of self 
or cross pollen by reason of genetic similarity. This is 
the major outbreeding mechanism of higher plants, with 
approximately fifty percent of crop plants having some kind 
of self- incompatibility system (Allard, 1960). 
It is difficult to estimate the effectiveness of any one 
inbreeding or outbreeding mechanism. Certainly protandry or 
protogyny alone cannot completely prevent self -fertilisation, merely 
5 
hinder the process, and similarly with inbreeders cleistogamy may 
be variable. Table 2.1 attempts to illustrate the effectiveness 
of various breeding mechanisms. 
Table 2.1 
The effectiveness of inbreeding ana outbreeding mec!_anisms 
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Key: SC = self -compatible, SI = self -incompatible 
* inbreeding has supplanted outbreeding 
(Allard, 1960). 
2.1 Self-incompatibility 
Over two hundred ears ago Eo1reuter reported that Verbascum 
plants did not set seed when pollinated by their own fertile pollen, 
but readily set seed when cross -pollinated (cited by Darin, 1877). 
This phenomenon, described as self -sterility, was defined as "the 
incapacity of a plant to reproduce on selfing" (East and Mangelsdorf, 
1925). However, Stout (1917) pointed out that self-sterility was 
not caused by the sterility of the male or female gametes and 
proposed the term self -incompatibility. There are many definitions 
of self -incompatibility to be found in the literature and they all 
emphasise the phenomenon as an outbreeding mechanism. Unfortunately, 
most of the definitions commonly used are restricted to the situation 
of self -pollination. For example, Brewbaker (1957) defined self - 
incompatibility as "the inability of a plant producing male and 
female gametes to set seed when self -pollinated ". Ltuidgvist (1964b) 
stated that the phenomenon of zygote lethality should not be 
considered as a self- incompatible mechanism and defined self - 
incompatibility as "the inability of a fertile hermaphrodite seed 
plant to produce zygotes after self -pollination ". With one exception, 
Borago officinalis, all :mown self -incompatibility systems are pre- 
zygotic (de Nettancourt, 1977). Neither definition is entirely 
satisfactcrj as incompatibility can occur after cross -pollination 
when plants are genetically identical for incompatibility alleles 
(Stout, 1917; Frankel and Galun, 1977). Therefore, incompatibility 
can be defined as "the inability of plants having functional gametes 
to set seeds when either self- pollinated or cross -pollinated by 
genetically related individuals" (based en Frankel and Galun, 1977). 
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The phen_omenon of self -incompatibility can be categorised into 
gametcphÿ tic and sporcphytic on the Oasis of t:je genetical control 
of pollen behaviour. In the sporcphytic self -incompatibility 
system the incompatible phenotype of the polien is determined by 
the genotype of the pollen producing; plant. In contrast, the 
individual microspore determines the phenotype of the pollen in 
gametcphytic self- incompatibility systems. The fundamental 
difference between the two systems is thought tc be the time at 
which the S- alleles act to produce the incompatibility substances 
or precursors (Pandey, 1953; 1960). Pandey (1958; 1960), suggested 
that with sporophytic control the time of action of the S- alleles 
must be after anaphase II in pollen mother cell meiosis and before 
the separation of the four microspores from the common cytoplasm; 
where pollen behaviour is determined gametophytically the time of 
S- allele action must be after cytckinesis. 
At anthesis pollen grains are either binucleate or trinucleate. 
The number of nuclei in mature pollen grains was constant in a genus 
and sometimes within a whole f amily ( n re rbake r, 1957; 1959). By 
combining Lewis' (1956) observations on the site cf inhibition of 
incompatible pollen tubes and his own observations of pollen cytology, 
Brewbaker (1957) formulated the following generalisations: 
(i) species having sporophytic self- incompatibility systems hava 
trinucleate pollen grains at anthesis and incompatible pollen 
tubes are inhibited on the stigma; 
and 
(il) species having gametcphytic self- incompatibility systems have 
binucleate pollen grains at anthesis and incompatible rollen 
tubes are inhibited in the style. 
9 
There are, however, exceptions to these relationships. For example, 
the Gramineae combine gametophytic self -incompatibility with 
trinucleate pollen and stigma inhibition, and Oenothera. species 
combine gametophytic self -incompatibility with binucleate pollen 
and stigmatic inhibition. 
2.1.1 Snorophvtic self- inccnr atibility 
In some species differences in floral morphology are associated 
with sporophytic incompatibility in order to reinforce the mechanism 
of pollen rejection. Incompatibility systems characterised by 
such features are described as heteromorphic. Species in which 
sporophytic incompatibility is not associated with differences in 
floral morphology are described as homomorphie. 
Heteromorphic sporophytic self -incompatibility has been reported 
in several ornamental families (Linaceae, Lythraceae, Oxalidaceae) 
but is rare in economic crops (de ^iettanccurt, 19i7). 
Homomorphic sporophytic self -incompatibility systems have been 
reported for numerous species, many of which are of great economic 
importance (principally the C ruciferae, C ompo sitae and C envulvulaceae ) 
(Frankel and Galun, 1977). 
2.1.1.1 Heteromorphic sporophytic self -incompatibility. 
Floral differences appear in the style length and anther level 
with species being either distylic (Primula srp,) or tristylic 
(Lvthrum salicaria). 
In Primula vulgaris the two types of flowers are referred to 
as pin (long style, short anther filaments) and thrum (short style, 
long anther filaments). Compatible pollinations could only occur 
between pollen grains from anthers which were at the same height in 
10 
the flower as the stigma (de Nettancourt, 1977; Lewis, 1979). 
The system was found to be controlled by one gene with two alleles 
S and s. Thrum plants were found. to be heterozygous Ss and pin 
plants were homozygous recessive. As there was sporophytic 
determination of pollen behaviour all thrum pollen behaved as 'S'. 
Thus, the population was maintained with equal proportions of pin 
and thrum flowers (Frankel and Galun, 1977) . 
In tristylic species (Ly-thrum, Oxalis) the flowers had long, 
medium and short styles, and each flower had two sets of anthers 
at levels which did not correspond to the level of the stigma. 
Again, compatible pollinations only occurred between pollen from 
anthers and stigmas at the same height. The genetic control of 
tristyly was found to be based on two genes (S and M) with epistatic 
relations (Frankel and Galun, 1977). 
2.1.1.2 Homomorphie sporophytic self -incompatibility. 
Sporophytic control of self -incompatibility was first described 
in 1912 for Cardamine pratensis by Correns (cited in de Nettancourt, 
1977) and later in Capsella by Riley (1936). In these species self - 
incompatibility was thought to be genetically controlled by two 
diallelic loci (de Nettanccurt, 1977). In addition, Verma et al. 
(1977) and Lewis (1977) have recently postulated that the sporophytic 
self -incompatibility system in Eruca sativa is controlled by three 
multiallelic loci. 
However, the majority of species having homomcrphic self - 
incompatibility systems with sporophytic determination of pollen 
behaviour are usually controlled by a single multiallelic locus 
(de Nettancourt, 1972). This type of incompatibility system was 
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first described independently by Hughes and Babcock (1950) working 
with Crepis foetida subsp. rhoeadi_folia, and Gerstel (1950) working 
with Parthenium argentatum (both members of the Compcsitae family). 
They postulated: 
(i) one gene with multiple alleles; 
(ii) sporophytic control of pollen behaviour; and 
(iii) dominance of alleles in the pollen and independent action 
of alleles in the pistil. 
It is now known that dominance of S- alleles can occur in the pistil 
and independent action of the S- alleles can occur in the pollen, 
and that independence /dominance relationships do not always differ 
in pollen and pistil (de Nettancourt, 1977). Aso, the classification 
of alleles in a linear order of dominance may vary from anther to pistil. 
2.1.2 Gametophytic self-incompatibility 
All gametophytic self -incompatibility systems are thought to be 
homomorphie (de Nettancourt, 1977; Frankel and Galun, 1977), and 
are widespread in crop plants occurring in the families Legumincsae, 
Gramineae, Solanaceae, Rosaceae, as well as in several ornamental 
species (Oenothera, Lilium, Antirrhinum, Nemesia) (Frankel and Galun, 
1977). In self -incompatible species in which pollen behaviour is 
determined gametophytically, a pollen grain can germinate, grow 
and achieve fertilisation provided that the S- allele it carries is 
not present in the diploid tissue of the female organs (de Nettancourt, 
1972) . 
Although the phenomenon of self- sterility or self -incompatibility 
had been known since before Darwin, it was not until 1925 that East 
and Manglesd.orf (1925) working with Nicotiana, provided a genetic 
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interpretation of the system. They postulated: 
(i) one gene with many alleles; 
(ii) gametophytic determination of pollen behaviour; and 
(iii) independent action of alleles in the style. 
Arasu (1968) pointed out that the seine conclusions were reached 
by Prell (1921), Lehmann (1926) and F ilser (1926) (all cited by 
Arasu, 1968). However, it was the terminology used by East and 
Manglesdorf (1925) to describe the self -incompatibility alleles 
(S1, S2' S3 Sn) which became widely adopted and the papers 
of Prell- (1921), Lehmann (1926) and Filser (1926) are not often 
quoted. 
The gametophytic determination of pollen behaviour results in 
three possible types of pollination (Fig. 2.1.b): 
(i) fully compatible, between plants with no alleles in common; 
(ii) half compatible, between plants with one allele in common; 
and 
(iii) incompatible, between plants with both alleles in coron. 
In contrast, in the sporophytic system, pollen from a single 
plant arriving on a stigma is either all compatible or all incompatible 
(Fig. 2.1.a). 
2.1.3 Ganetoph -tic - Srorophytic systems 
The self- incompatibility system of Theobroma cacao provides 
the only mown example of a mechanism combining, during microsporo- 
genesis, both gametophytic and sporophytic control of the incompatibility 
phenotype of the pollen. Incompatible pollen germinated and grew 
normally, fertilisation occurred and after a few nuclear divisions 
the embryo and endosperm aborted (Knight and Rogers, 1955). In 
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Fige 2.1 
Types of Pollination in sporophytic and gametcphvtic self - 
incompatibility systems 
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contrast to other self -incompatibility systems, incompatibility 
in T. cacao was extremely wasteful of female gametes (Cope, 1976) 
The genetic control of the self- incompatibility system was 
found to be complex and involved the loci, S, A and B which 
regulated syngamy on self- and cross -pollination. The S -locus 
displayed a polyallelic series showing independence and dominance 
but only gametes actually containing a dominant or an independent 
allele were found to prevent fusion with similar gametes. The loci 
A and B provided the non -specific precursors to which the S- alleles 
imparted specificity (Cope, 1962; de Nettancourt, 1977). 
2.1.4 Polygenic incompatibility 
This type of outbreeding control has been confirmed for two 
species in the family Boraginaceae; Borago of`fic:inalis (where, in 
addition, incompatibility was post -zygotic) (Crowe, 1971) and 
Myosotis scor-nioides (Varopoulos, 1979) . 
Polygenic self -incompatibility was found to be facultative 
and versatile and was expressed as a quantitative character (based 
on the degree of homozygosity of a plant) which resulted in a wide 
and continuous variation between generations and families which 
could not be attributed to a small number of genes. As inbreeding 
proceeded plants became more homozygous. In turn, this produced 
plants which exhibited increasing degrees of self -incompatibility 
which encouraged outbreeding. The rapid onset of severe inbreeding 
depression indicated that the apparently weak outbreeding system 
was sufficient to prevent widespread self -fertilisation in nature 
(Crowe, 1971). 
De Nettancourt (1977) suggested that polygenic restrictions 
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to inbreeding are probably more widespread in nature than is 
appreciated. Varopoulos (1979) considered that results obtained 
for Medicago spp. (Fyfe, 1957) and for certain genotypes of Vicia 
faba (Drayner, 1959) indicated polygenic control of the self - 
incompatibility system. 
2.1.5 Differences between sporophytic and gametophytic 
self -incompatibility systems 
Many attempts have been made to classify sporophytic and 
gametophytic self -incompatibility systems. Categories commonly 
used include: the uniformity of the pollen reaction on the stigma; 
the occurrence of one way compatibility; homozygosity of S- alleles; 
effect of polyploidy on the system; site of pollen tube inhibition 
in incompatible reactions; and pollen cytology (Table 2.2). 
2.1.6 Complex systems: multilocus gametophytic self- 
incompatibility systems 
A range of complexity in the genetical control of gametophytic 
self -incompatibility systems has been found from the one locus 
system already described (Section 2.1.2) to the four locus system 
found in Beta vulgaris (Section 2.1.6.k). 
2.1.6.1 Solanaceae 
In the Solanaceae, outbreeding was usually found to be promoted 
by a one locus gametophytic self -incompatibility system (Abdalla and 
Hermsen, 1971). However, two locus control of incompatibility has 
been demonstrated for Physalis ixocarpa (Pandey, 1957), Solanum 
pinnatisectum ( Pandey, 1962a), S. phureja and S. stenotomuni (Abdalla 
and Hermsen, 1971). These systems were thought to have arisen from 
a duplication of the S -locus following the induction of polyploidy. 

































































































































































































































































































































































































































































































































































































































































































































































































































































loci, S and R, with multiple alleles. In Physalis, identity at 
either locus in pollen and pistil was sufficient to cause an 
incompatible reaction. In addition, there was either independent 
action or epistasis between the alleles of the two loci ( Pandey, 
1957). This resulted in a low level of cross -compatibility between 
related individuals. In the three Solenum species, the genetic 
control of incompatibility was found to be more complex than in 
P. ixocarpa. In S. pinnatisectum, incompatibility depended upon 
dominance relationships between the S- alleles and epistatic 
interactions between the alleles of the S and R loci (Pandey, 1962a). 
Although the incompatibility system in S. phureja and S. stenotomum 
was found to be similar to that in S. pinnatisectum (epistasis 
occurred between S and R alleles), dominance relationships between 
S or R alleles have not been detected (Abdalla and Hermsen, 1971), 
2.1.6.2 Gramineae: two locus systems 
During the last quarter- century many species within the family 
Gramineae have been investigated and the majority have been shown 
to possess a self -incompatibility system genetically controlled by 
two loci, with gametophytic determination of pollen behaviour. 
The system was first postulated to be operating in rye (Secale 
cereale) by Lundqvist (1954). The two loci, termed S and Z, were 
found to be independent and both had multiple alleles. Identity 
between pollen and pistil at either one of the two loci alone did 
not produce an incompatible reaction. Each specific pair of S 
and Z alleles led to one unique specificity and identity between 
specificities in pollen and pistil produced an incompatible reaction. 
Thus, it appeared that the two loci behaved as a single physiological 
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unit, with the alleles co- operating to produce the incompatibility 
specificity (Lundqvist, 1956). A similar system of genetic control 
of self -incompatibility was demonstrated for Festuca pratensis 
(Lundqvist, 1955; 1961a) and Fhalaris coerulescens (Hayman, 1956), 
and was assumed to be widespread within the Gramineae. Hayman 
(1956) and Lundqvist (1954) reached the same conclusions independently 
by the use of different experimental designs. 
Although dealing with self -incompatible plants, Lundqvist (1954) 
found it possible to self S. cereale under certain conditions. 
Progeny produced as a result of selfing were crossed to each other 
in all possible combinations. When the self -incompatibility system 
is controlled genetically by one locus with gametophytic determination 
of pollen behaviour only three genotypes would be expected in the 
progeny resulting from selfing if the parent plant was heterozygous 
(Fig. 2.2), and more than three genotypes were observed in the F1 
families studied by Lundqvist (1954; 1955). If, however, the system 
was controlled by two loci, with gametophytic determination of pollen 
behaviour, there would be nine possible mating types in the F1 progeny 
(if the parent plant was heterozygous at both loci) (Fig. 2.3). 
Within the nine mating types there were three groups of plants 
(Lundqvist, 1954; 1955): 
(i) both loci heterozygcus9 S1S2Z3Z4; 
(ii) one locus heterozygous one locus homozygous, 
for example S1S2Z3S3; and 
(iii) both loci homozygous, for example S S Z Z o 
1 1 3 3 
This, in turn, resulted in three levels cf one way compatibility 
corresponding to the three possible degrees of heterozygosity (Fig. 
2.3). The plant S1S2Z 324(double heterozygote) was compatible as a 
19 
Gametophytic self -incompatibility system: Self inP; a plant 
with one heterozygous locus 
Parent S1S2 
J, 
Progeny S1S1, S1S2, S2S2 
ratio 1 2 : 1 
3 genotypes 
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only in direction 
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Gametephvtic self-i ncompatibilitT si stem: Selfin? aplant 
with two heterozygous loci 
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male with all genotypes but incompatible as a female with all males. 
A plant heterozygous at one locus only, S132Z 3Z3, when used as a male 
was incompatible with the double heterozygote but compatible with 
all other genotypes. A plant which was doubly homozygous, S.S1Z 3Z 
was incompatible as a male with the double heterozygote and some 
genotypes heterozygous at one locus (Lundgvist, 1955) (Fig. 2.3). 
Pollen with one allele matched in the style was able to function 
without any disadvantage when compared to pollen with no alleles 
matched in the style (Lundgvist, 1956; 1958). 
Hayman_ (1956) crossed two inter -fertile plants and then crossed 
the resulting progeny in a diallel array. If one locus controlled 
the self -incompatibility system with gametophytic determination of 
pollen behaviour then only four genotypes are expected in the F1 
if the two parents had no alleles in common (Fig. 2.4.a) . If two 
loci controlled the gametophytic self- incompatibility system, then 
a maximum of sixteen mating types would be expected in the F1 progeny 
if the parents had no alleles in common (Fig. 2.4.b). Hayman (1956) 
found more than four and less than sixteen mating types in the F1 
progenies he examined and proposed that this could be explained if 
the parents were assumed to have alleles in common. This assumption 
also explained the observation of one way compatibility within the F1 
progenies (Fig. 2.5) . Groups of plants which has the same genotype 
were found to be intra- incompatible. 
A two locus gametophytic self-incompatibility system results 
in three different types of compatible pollination: 
(i) fully compatible pollinations between individuals with 
no alleles, or one allele, in common (S1S27,1Z2 _ S S Z Z oe) 
34 34 
(Fig. 2.4.b) ; 
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Fig. 2. 
Gametonhytic self-incompatibility system 
(a) two plants with one heterozygous locus each crossed 












All progeny are compatible with each other when crossed in all 
possible combinations 
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All sixteen genotypes produce a unique mating type when crossed 
in all possible combinations (all cross -compatible) 
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Fig. 2.5 
self -incompatibility system: crossing two plants having Gametophytic 
two heterozygous loci where alleles are co=on 
+o 
Parents S1S2Z1Z2 x 
S1s31Z4 
I (pollen type S1Z1 incompatible) 
Progeny ,31y4 S1., 1u1 S2S3Z1Z1 
S1S1Z2Z4 S1S3Z1Z2 S2S3Z1Z2 
12 genotypes S1S2Z1Z4 
S1S31Z4 S2S31Z4 
s1S2Z2Z4 s1S3z2Z4 s2s3Z2z4 
Progeny crossed in all possible combinations 
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31S1Z1Z4 arrow points 
(ii) pollinations in which only three -quarters of the pollen 
grains can achieve fertilisation (at least two alleles 
must be common to the parents, for example S1S2Z1Z2 
ó 
x 
SlS3ZlZL+ d7\) (Fig. 2.5); and 
(iii) half compatible pollinations, when only half the pollen 
grains can achieve fertilisation (at least three alleles 
common between parents, for example S1S2Z1Z2 2 x S1S2Z1Z3 
8'). 
Differential pollen behaviour on stigmas was observed by Lundquist 
(1954; 1955) and by Hayman (1956) who classified the pollinations 
he observed as incompatible, half compatible, three -quarters 
compatible and fully compatible. However, pollinations between 
plants of known genotypes often produced less than the maximum 
percentage of compatible grains expected (Lundgvist, 1961a). 
Other species in which the two locus gametophytic self - 
incompatibility system has been demonstrated include Hordeum bulbosum 
(Lundquist, 1962a) Dactylis aschersoniana ( Lundgvist, 1965), Briza 
media (Murray, 1974) and more recently Lolium aerenne (Cornish, 
Hayward and Lawrence, 1979a). 
The breeding efficiency (the probability for any two plants 
being cross -compatible) of species having a two locus system is 
superior to those species where self- incompatibility is controlled 
genetically by a single locus as the number of specificities within 
a given population will, in theory, correspond to the product of 
the number of alleles segregating at each of the two loci (Lundg;ict, 
1964a). For example, Lun_dgvist (1964a; 1969a) estimated that there 
were at least eleven alleles at the S -locus and twelve alleles at the 
Z -locus in a population of Festuca pratensis. Only in one species 
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investigated (Dactylis aschersoniana) has there been any indication 
of a limited number of S and Z alleles (Lundqvist, 1965). The 
experiments with D. aschersoniana involved ten plants collected from 
an isolated population, which were selfed. The progeny from four 
of these selfed plants were analysed in diallel crosses. In two 
of these families only one locus was found to be segregating and 
results obtained were explained on the basis of only two alleles 
at the segregating locus. All the plants must have been homozygous 
for the same allele at the other locus, in each family. Therefore, 
a maximum of three alleles were present in these two families. In 
the other two families analysed, seven and four mating types were 
found thus indicating the involvement of two incompatibility loci, 
and more than three alleles. 
The efficiency of the two locus self -incompatibility system 
would be reduced if the two loci, S and Z, were found to be linked. 
No evidence of linkage has been obtained in a number of studies 
(Hayman, 1956; Lundq_vist, 1961a; Cornish et al., 1979b). 
Studies of incompatibility in induced tetraploids of Secale 
cereale (Lundgvist, 1957) and F estuca pratensis (Lun_dgvist, 1962b) 
demonstrated that there was no breakdown of the system, which commonly 
occurred in polyploids of species having a one locus gametonhytic 
self -incompatibility system. However, the system ir. these tetraploids 
was modified such that one allele from each locus (S and Z) of the 
diploid pollen when matched in the pistil was sufficient to produce 
an incompatible reaction. Thus, non- identical S- genotypes were 
found to be reciprocally incompatible and in turn, this produced a 
disturbed segregation pattern with the possibility of more than sixteen 
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S- genotypes and no distinct incompatibility groups (Lundqvist, 1957; 
1962b; Osterbye et ai., 1980). 
Progenies produced as a result of selfing plants of Dactvlis 
glomerata (a natural, self -incompatible, autotetraploid species) 
were intercrossed in all possible combinations (Lundqvist, 1969b). 
As tetrasomic inheritance is complex, the analysis was restricted 
to mean proportions of compatible pollen observed. The results 
obtained gave a much higher level of cross -compatibility between 
sibs than the theoretical expectations for a tetraploid. Self - 
fertility (Sf) alleles, and loss of activity of the self- incompatibility 
gene were postulated to account for this discrepancy (Lundqvist, 1969b). 
The proposed Sf alleles would reduce the number of S -Z specificities 
in the pollen and pistil and therefore result in an increase in 
cross -compatibility. Despite the presence of Sf alleles, some 
S- alleles remained functional and prevented self -fertilisation (Lundqvist, 
1969b). 
2.1.6.3 Gramineae: multilocus systems 
Although the two locus system has been reported for the majority 
of grasses investigated, recent work indicates that the two locus 
gametophytic self -incompatibility system may not be universal within 
the Gramineae (,dsterbye et al., 1980). Two genera, Briza (:.:urray, 
1979) , and Lolium (rah ,yard and Wright, 1971; Spoor, 1976; Hay, 1978 
(see Appendix 2)) contain species having gametophytic self - 
incompatibility systems which appear to be controlled by more than 
two loci. Evidence of more than one type of incompatibility system 
operating within a family has been found in the Solanaceae (Pan_dey, 
1962a; Abdalla and Hernsen, 1971) , Boraginaceae (Crowe, 1971), and 
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Caryophyllaceae (Lundgvist, 1979). 
Lolium perenne was first reported (;;'eimarck, 1968) to possess 
the standard two locus control of self -incompatibility with gametophytic 
pollen determination. However, the evidence presented, based on 
percentage seed set, consists of the results of matings between 
three clones which appear to have different mating types. A system 
of one locus control could produce a maximum of four mating types, 
and the claim for a two locus system based on differential pollen 
behaviour does not seem justified (Hayward and Wright, 1971; Spoor, 
1976) . 
Not convinced by ', eimarck' s (1968) data, Hayward and Wright 
(1971) investigated incompatibility relationships between full sibs 
in three F1 families of Lolium perenne. They used Lundovist's 
(1961b) petri dish technique and stained pollinated pistils with 
cotton blue. Pollen grains were scored as compatible (when not 
stained) and incompatible (when darkly stained) and results were 
Presented as proportions of compatible grains observed. However, 
there was some confusion over non -viable pollen grains which remained 
unstained in cotton blue. The percentages of emptied grains were 
expected to be 4410;-.,, 5 -, 75 and 1005, Which corresponds to an 
incompatible pollination and the three types of compatible pollination 
expected on a two locus gaietophytic self- incompatibility system. 
Hayward and Wright (1971) found that percentages of emptied pollen 
grains did not fall into these classes, even after allowing for the 
presence of non -viable (non- stained) pollen grains. `ritl:in each 
family investigated by Hay,7arr? and -.:right (1971) each plan. t had a 
unique mating type (maximum of fourteen) but the results could not 
be fitted a one or the two locus system as postulated by L undq'rist 
(1954; 1955). Gametoph:rtio control was indicated by: 
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(i) differential pollen behaviour on the stigma; 
(ii) the high proportion of cross -compatible matings (which 
was higher than expected on a sporophytic system); and 
(iii) the occurrence of one way compatibility. 
Spoor (1976) also studied the incompatibility relationships 
in a family of twenty -eight full sibs of L. perenne, but in an 
attempt to overcome the difficulties caused by the staining technique 
used by Hayward and Wright (1971), located pollen tubes growing 
through the stigma by means of the callose fluorescence reaction 
(Lalouette, 1967). Each plant had a unique mating type, with a 
complicated pattern of cross -compatibility, cross -incompatibility 
and reciprocal differences in compatibility. Differential pollen 
behaviour on stigmas indicated gametophytic determination of pollen 
behaviour and reciprocal differences were suggested to be the result 
of the parents having alleles in common. Since a maximum of sixteen 
mating types would be expected in an F1 progeny from two parents 
with no alleles in common, a novel system with three loci was 
postulated to be controlling the self- incompatibility system in 
L. perenne (Spoor, 1976) . 
The most recent study of the genetics of self -incompatibility 
in L. perenne was presented by Cornish et al. (1979a). Seven 
families of full sibs (thirty to forty plants per family), which were 
the products of wide crosses between unrelated plants, were investigated. 
In each family, six to eight plants were chosen at random as 
pollinators, and crossed to every other member of the family as well 
as to each other. Each pollinator was shown to have a different 
mating type and genotypes were then provisionally assigned to the 
original parents of the cross and to each pollinator. The results 
of the crosses between the pollinators and the remaining plants of 
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the family were then used to classify the latter. Further crosses 
were performed within intra- incompatible groups to confirm the 
initial classification. In no case was a diallel completed; 
plants were assigned to genotypes on the basis of their reactions 
with the chosen pollinators and cases of one way compatibility 
between plants were only found in two of the families analysed. 
Only four types of pollination were recognised: fully incompatible, 
half compatible, three- quarters compatible and fully compatible. 
This classification effectively precluded any alternative explanation 
of the results. The percentage of compatible grains was estimated 
visually and pollen tube growth was followed by staining with aniline 
blue and fluorescence microscopy, according to the technique of 
Martin (1959), The four types of pollination and the fact that 
a maximum of fourteen mating types were found was taken as evidence 
for a two locus gametophytic self- incompatibility system operating 
in this species (Cornish et al., 1979a). 
On this basis, Cornish et al. (1979a) rejected previous 
contradictory results presented (loc. cit.), and ascribed 
irregularities in Spoor's (1975) data to misclassification. However, 
this seems unreasonable as there are so many irregularities and such 
a high proportion of incompatible crosses that subdivision of 
compatible reactions could not alter the number of mating ty es 
(iisterbye et al., 1980). 
Further evidence has been produced from two additional studies 
for more complex self -incompatibility systems in the Gramineae. An 
F1 family of Loliun multiflorum (Hay, 1978) displayed twenty-six 
mating types and an incompatibility pattern very similar to that of 
30 
L. perenne presented by Spoor (1976). This is not surprising 
as the two species are closely related and are sometimes considered 
as subspecies (Naylor, 1960). 
Although the data from Briza spicata (ìurray, 1979) showed a 
much higher frequency of cross -compatibility than the Lolium results 
(Spoor, 1976; Hay, 1978) they also displayed plants which were 
reciprocally incompatible and yet when crossed to other plants 
behaved differently (in common with observations on L. perenne and 
L. multiflorum)0 
Recently, ,6sterbye et al. (1930) have suggested that these 
results which seem to indicate a three locus system can be interpreted 
if one locus is assumed to have undergone a duplication. If the 
resulting loci, S' and S", maintain their original set of common 
alleles, and segregate independently a maximum of sixty -four genotypes 
would be produced in the F1 if the parents had no alleles in common. 
The four alleles from the S' and S" loci would act as if they still 
belonged to one locus and identity for one of these alleles, together 
with one from the Z locus would be sufficient to cause incompatibility 
between pollen and pistil. If the parents of the F1 progeny had 
alleles in common, reciprocal differences in compatibility would 
result. The system, therefore, is similar to that postulated to 
operate in self -incompatible tetraploid grasses (Lundqvist, 1997; 
1962b). Alternatively, such a mechanism (S'S "Z) could have 
originated by interspecific exchange of S -loci, which are homologous 
because of close relationships between the species, but during 
soeciation have changed their chromosomal positions. Therefore, 
L. perenne, L. multiflorum and L. rigidum may have inter -mixed 
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their S- mechanisms in this way during their evolution (jsterbye 
et al., 1980). 
2.1.6.4 Ranunculaceae and Chenopodiaceae 
The existence of incompatibility systems controlled by three 
and four S -loci was first postulated by Lundgvist et al. (1973). 
Within F1 families,diallel sibcross matings resulted in high 
numbers of different mating types (in some cases more than the 
sixteen expected when self -incompatibility is controlled by two 
S -loci with gametophytic determination of pollen behaviour, and no 
alleles common to parents of the F1 family). There was a high 
frequency of cross- compatibility which indicated that the loci 
were co- operating (as in the widespread two locus system found in 
the Gramineae) In addition, there were three levels of one way 
compatibility which could be explained by two S -loci (Fig. 2.3) 
but the lowest level would correspond to both loci being homozygous. 
Plants of this type would therefore be unable to fertilise either of 
the parent plants. However, as this expectation was not realised 
the three levels of one way compatibility in Ranunculus acris and 
the four levels of one way compatibility in Beta vulgaris were 
proposed to correspond to the number of heterozygous S -loci present 
in a plant. Therefore, three levels of one way compatibility would 
correspond to heterozygosity at one, two or three S -loci and plants 
from all levels could successfully pollinate both parents. For 
an incompatible reaction to occur it was postulated that all the 
alleles present in the pollen would have to be matched in the 
pistil. (Although gametophytic pollen behaviour was indicated, 
it was not initially proved to be present in either species). 
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The observation of the involvement of large numbers of incompatibility 
loci in complementary interaction supports the theory that this 
interaction depends on simple additive relationships between loci 
(Lundgvist, 1964b). 
It is possible that, due to inbreeding, a population becomes 
homozygous for a single allele at one locus and the presence of 
this "hidden locus" would not bé revealed by a sib -crossing scheme. 
This may be of importance in grasses, where two loci have already 
been detected and frequently investigations are based on samples 
from advanced generations that have been inbred. It is significant, 
in this context, that data from studies on the frequencies of self - 
fertility mutations in Secale cereale strongly indicated that an 
additional locus (as well as the two implicated in the genetical 
control of self -incompatibility) was involved in the formation cf 
the incompatibility barrier (Lundgvist, 1968). 
The breeding efficiency of a species where the genetical 
control of self -incompatibility is the result of the complementary 
interaction of several S -loci will be superior to that of a species 
where two loci control the self -incompatibility system. The number 
of alleles will be more efficiently used by the population when 
distributed over several loci but polyploidy would reduce the amount 
of cross -compatibility within a population (assuming the grass system 
where, in tetraploi ds, only one allele from each locus needs to be 
matched to produce an incompatible reaction). 
Further research with R. acris confirmed that pollen behaviour 
was gametophytically determined (Osterbye, 1975) and that an additional 
fourth locus was involved in the self -incompatibility system within 
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a German population of this species (Osterbye, 1977). As the 
original Swedish plants were collected in the same locality and 
were shown to have alleles in common, crossing to the German 
plants may, in the future, reveal the presence of a fourth non- 
segregating locus represented by only one allele in the Swedish 
material (,Ñsterbye, 1977) . 
The hypotheses advanced by Lundovist et al. (1973) for the 
genetical control of self- incompatibility in Beta vulgaris by four 
S -loci were confirmed and extended by Larsen (197; 1977a). The 
four S -loci showed complementary interaction and all the alleles 
in the pollen had to be matched in the pistil to produce an 
incompatible reaction. Evidence was later presented which indicated 
that all four loci belonged to one linkage group (Larsen, 1978a)0 
This could have been brought about by either: 
(i) a duplication of the original locus; or 
(ii) co- operation between the originally unlinked loci 
leading to their evolution within one group. 
Additional observations indicated a low number of alleles in the 
four loci, possibly only eight alleles in total (Larsen, 1973b). 
An inverse relationship was therefore proposed between the number 
of loci and the number of S- alleles in self -incompatibility systems 
(Larsen, 1978b). 
Following the results and conclusions reached during studies 
on the genetical control of self- incompatibility in B. vulgaris, 
Lundcvist et al. (1973) and Larsen (1977a) reinterpreted Cten's 
(194.2) data on self-incompatibility in B. vulgaris0 Oren (191 2) 
had originally proposed a two locus system, where the loci had 
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duplicated allelic series, gametophy-tic control of pollen 
specificities, and complementary interactions such that an 
incompatible reaction occurred when the alleles carried in the 
pollen grain were matched in the pistil by alleles from either 
or both allelic series. However, the anomalies in the data can 
be explained by the assumption of at least three gametophytic 
S -loci (Lundavist et al., 1973; Larsen, 1977a). Larsen (1977a) 
also presented a re- interpretation of the genetic control of self- 
incompatibility in various other species. In each case Larsen 
(1977a) claimed that a more satisfactory excl2nation of the results 
was achieved by using a multilocus hypothesis. 
Multilocus control of self -incompatibility has been found in 
relatively few species, a fact that Larsen (1977a) considered to be 
due to the choice of working hypothesis, materials and methods and 
because "many authors are captivated by the simplicity of the one 
locus model so that it becomes a dogma ". 
2.1.7 Evolution of self -incompatibility systems 
The rapid evolution of the angiosperms during the cretaceous 
period was probably caused by the development of devices -r::ich 
prevented self -fertilisation and promoted more efficient cross - 
pollination than was possible in gymnosperms (?',hitehouse, 1950) . 
Outbreeding mechanisms such as dioecism and dichogamy are present 
in both phyla and it seems probable that the occurrence and evolution 
of self- incompatibility may have coincided with the rapid increase 
of flowering plants. Grant (1914-9) suggested that the development 
of an efficient outbreeding mechanism was likely to have occurred 
in conjunction with the evolution of specialised Pollinating insects 
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and therefore must have arisen at a very early date in the history 
of the angiosperms. In addition, self -incompatibility systems are 
widespread throughout the plant kingdom occurring in more than 3,000 
species from 250 genera belonging to approximately 70 families 
( Brewbaker, 1959; Linskens and Kroh, 1967). Therefore, it is 
reasonable to assume that incompatibility may have been present 
in the early ancestors of flowering plants (de Nettancourt, 1977). 
Whitehouse (1950) proposed that self -incompatibility arose only 
once during the early history of the angiosperms. It has been 
suggested that gametophytic single locus polyallelic incompatibility 
systems were the first outbreeding mechanisms, and that sporophytic 
systems, heteromophism and self -fertility are all derived conditions 
(Whitehouse, 1950; Brewbaker, 1957; 1959; Pandey, 1960). In 
contrast, Bateman (1952) considered that self -incompatibility had 
evolved progressively and had arisen de novo more than once. 
The first type of incompatibility, according to Bateman (1952), 
was a weak poly genic system, and the efficiency of this system 
could have been improved by: 
(i) the selection of non-specific modifiers increasing the 
efficiency of all loci; or 
(ii) specific modifiers which would increase the effectiveness 
of one or two loci at the expense of the rest. 
The two locus gametophytic systems of incompatibility found in 
the Solanaceae and. Gramineae were generally thought to have evolved 
from a single locus gametophytic system as a result of a duplication 
of the S -locus (lur_dgvi st, 1962b; Pandey, 1962a) . However, Hayman 
(1956) suggested that both loci were originally present or that one 
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locus became involved later without derivation from the original 
locus. In this way the loci could act in a complementary fashion 
and this function would not have to evolve. 
The discovery of complex, :ultilocus control of self -incompatibility 
in the dicot families Ranunculaceae and Chenopodiaceae (Lundgvist 
et al., 1973; Larsen, 1971; 1977a; ,ásterbye, 1975; 1977) has 
challenged the arguments for a gametophytic polyallelic single 
locus system as the ancestor of all self -incompatibility systems. 
Self -incompatibility was investigated in species belonging to the 
Chenopodiaceae and Ranunculaceae as these families were thought 
to share a common ancestor with the monocot family, the Gramineae, 
in which complex systems of incompatibility have been demonstrated 
(Takhtajan, 1969). It is possible, therefore, that a complex type 
of incompatibility system was already present in angiosperms before 
the divergence of the investigated monocots and diccts, since a more 
complex type of control has been found in the primitive diccts 
than in the more advanced monocot species (Lundgvist et al., 1973), 
This discovery also supports the hypothesis that self -incompatibility 
systems are ancient constituents of the breeding system of angiosperms 
(Lundgvist, 1975). 
As a result, the duplicative origin of the two locus "grass 
system" is in doubt and it has been proposed that the one locus 
system is the derived condition with loci: either becoming so 
tightly linked that they cannot be detected as distinct; or becoming 
homozygous for one allele in a population which retrains hidden during 
sib mating studies (Lunigvist, 1975; ,dsterbye, 1975; Larsen, 1977a). 
In small populations, two and three locus gametophytic systems are 
less stable than a one locus system and the three locus system appears 
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to be particularly susceptible to fixation at one locus if all 
alleles are not equivalent in their contribution to fitness (de 
Nettancourt, 1977). Hence, the single locus system may have evolved 
from a multilocus system and is not necessarily the ancestral self- 
incompatibility system. Therefore, the discovery of multilocus 
systems of incompatibility provided evidence in support of Batemans 
(1952) hypothesis in which a weak polygenic incompatibility system 
was postulated to have arisen more than once during the course of 
evolution. 
2.2 Phy-sin .oP, and biochemists of the pollen- istil interaction 
in self- incompatible species 
In flowering plants trio haploid male gametophyte interacts 
with the diploid sporophytic tissue of the pistil before liberating 
the male gametes in the vicinity of the female gamete. During 
this gainetophyte- sporophyte interaction the male gametes are 
effectively screened by the pistil, thus ensuring the entry of 
only the appropriate pollen tubes into the embryo sac. 
Ln the majority of species, the receptive surface of the pistil 
(the stigma), can be classified into two types depending on the 
presence or absence of exudate at the time of pollination. Species 
having sporophytic self -incompatibility systems were usually found 
to possess dry stigmas and species with gametophytic self -incompatibility 
systems generally had wet stigmas (Heslop- Harrison, 1975), There 
are two noteable exceptions to this generalisation: the Gramineae 
a_nd. Oenothera species combine gametophytic self -incompatibility 
and dry stigmas. It has been demonstrated that both types of 
stigma possess surface proteins ( Heslop- Harrison and Shivanna, 1977; 
Shivanna, 1979). In the wet type of stigma proteins were present 
as a component of the exudate, and in the dry type proteins were 
present in the form of a hydrated layer, the pellicle (Heslop- 
Harrison and Shivanna, 1977). 
In species with sporophytic self -incompatibility systems 
proteins from the pollen which are involved in the incompatibility 
response have been shown to be derived from the exine (Heslop- 
Harrison et al., 1973; Heslop- Harrison et al., 1974). During 
pollen maturation material derived from the tapetum (a sporophytic 
tissue).was observed to be deposited in cavities in the exine 
(Dickinson and Lewis, 1973; Heslop- Harrison et al., 1974). 
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In the majority of taxa having gametophytic self -incompatibility 
systems, incompatible pollen tubes are inhibited in the style. 
Since there is no interaction between incompatible and compatible 
pollen tubes growing down the same style it is probable that the 
incompatibility reaction takes place on the surface of the pollen 
tube and that the proteins involved are either held in the male 
gametophyte or synthesised during tube growth (Heslop- Harrison, 1973). 
However, in those species having gametophytic self -incompatibility 
systems and stigmatic inhibition of incompatible pollen tubes, 
(Gramineae, Oenothera sppo) it is thought that S-allele products 
(proteins) are present in the wall of the pollen grain, the most 
probable site being the intine which was observed to receive 
gametophytic products during the early period of wall thickening 
(Heslop -Harrison et al., 1973; Heslop- Harrison, 1978; Knox and 
Heslop -Harrison, 1971)0 
2.2.1 Pollen -pistil interaction 
It has generally been assumed that the primary event in the 
angiosperm self- incompatibility response must be a "recognition" 
reaction in which S- allele specific proteins are likely to be 
involved, ana that this must be followed by secondary events which 
determine how the interacting partners, pollen and pistil, behave. 
It has been demonstrated for several species that pollen proteins 
bind to stigma proteins following pollination (Knox et al., 1976), 
but there has been no demonstration of the S- allele specificity 
of these proteins. After the primary recognition response, the 
secondary response of either acceptance (compatible reaction) or 
rejection (incompatible reaction) takes place, 
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Rejection may -be the result cf: 
(i) an active inhibition of incompatible pollen tubes; 
(ii) a passive stimulation of compatible tubes; or 
(iii) a combination of these events (Heslop- Harrison, 1978). 
2.2.2 Mechanism of acceptance /re action 
Despite the fact that many biochemical models of the self - 
incompatibility reaction have been proposed, little direct evidence 
has been obtained in support of any hypothesis. To be acceptable, 
a model must be consistent with the features known to characterise 
the phenomenon of self -incompatibility. One of the most important 
considerations is the tripartite structure of the S- locus, first 
proposed by Lewis (1960). The incompatibility gene is thought to 
consist of three linked segments; the "specificity" part which 
contains genetic information and is different for each S- allele, 
and two "activity" parts, one each for pollen and pistil. 
The majority of models which have been proposed concern game - 
tophytic single locus self -incompatibility systems, and may be 
classified into two distinct groups. The incompatibility reaction 
is either assumed to lead to a positive inhibition of pollen tube 
growth, or is equated with an immobilisation of growth substances 
(or the absence of suitable growth components). 
The first hypothesis of inhibition of incompatible pollen tubes 
as a positive response was proposed by.3ast in 1926 (cited by 
de Nettancourt, 1977), and was based on the antigen -antibody 
reaction in animals. The product of a specific S- allele in the 
pollen was postulated (Last, 1926) to act as an antigen which is 
recognised during growth by an antibody produced by the same specific 
S- allele in the style, and pollen tube inhibition follows the 
recognition reaction. Linskens (1965) followed up this model, 
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although aware that antigen- antibody reactions are specific to 
animals, and proposed that the S- allele in the style codes, via 
an antibody synthesising unit, a Y antibody which can, when in 
excess, inhibit its own production (cross- pollination), or combine 
with an X protein in the pollen tube to form an inhibiting X -Y 
complex (self- pollination)0 Van der Donk (1975) developed the 
general antigen -antibody idea further and suggested that recognition 
depends on the matching of different substances produced by the 
pollen and stylar parts of the S- locuso Style specific polypeptides 
were postulated (van der Donk, 1975) to activate a set of genes 
necessary for pollen tube growth; pollen specific polypeptides 
inactivate style specific polypeptides when there is recognition 
between pollen ana stylar polypeptides. Therefore, in an incompatible 
reaction the pollen specific polypeptides inactivate the style 
specific polypeptides which in turn are responsible for the cessation 
of pollen tube growth. In compatible reactions where there is no 
recognition, the style specific polypeptides promote pollen tube 
growth. The models of East (1926), Linskens (1965) and van der 
Donk (1975) are inconsistent with the fact that the specificity 
of the products of a given S- allele must be the same in the pollen and 
pistil. 
Hypotheses in which the specificity of the products of an 
S- allele are identical in the pollen and pistil have been presented 
by Lewis (1965) and Ascher (1966). These models have been summarised 
by de Nettancourt (1972) : 
(i) a polypeptide is coded, in pollen and in style, by the 
specificity part of each S- allele present in the pollen 
and the style; 
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(ii) every different S- allele produces a different polypeptide; 
(iii) after self -pollination, the polypeptides in the pollen 
tube dimerise, on the surface of the pollen tube, with 
identical polypeptides in the styla to form a dieter 
repressor; and 
(iv) the dimer repressor presumably switches off one or 
several loci responsible for pollen metabolism and 
pollen tube growth. 
It should. be noted that Lewis (1965) considered that only a 
tetramer would be physiologically active and suggested that identical 
polypeptides dimerise in the pollen and pistil and following self - 
pollination tetramerise, with the possible aid of glucose to form 
a tetramer regulator. This model has the advantage of facilitating 
a biochemical interpretation of the S and Z locus interaction in 
grasses. The general model presented above was further modified 
by Pandey (1975) to incorporate the tripartite structure of the 
S -locus postulated by Lewis (1960). Pandey (1975) suggested that the 
S- allele specific protein coded by the specificity part of the 
S -locus would be identical in pollen and pistil. This protein, 
it was postulated, would unite with the tissue specific complementary 
protein in the pollen and pistil. Therefore, this model explains 
the failure of stylar or pollen proteins to react amongst themselves 
but allows for the interaction between them to produce a repressor 
of the genes involved in pollen tube growth. 
Despite the prevelance of "active" models a "passive" model 
has been proposed by Kroes (1973) who equated each S- allele in a 
polyallelic series to an absence of specific genetic information 
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in the pollen grains, and to the incapacity of the pollen to break 
down necessary growth complexes in the style. This model is not 
considered to provide a probable explanation of the mechanism of 
self- inoompat:ibility, as the available evidence indicates an 
active participation by the S- alleles in pollen and pistil ( Shivanna 
et al., 1978; Shivanna, 1979)0 
Direct evidence for the presence of S- allele specific proteins 
has been obtained from the use of immunological and electrophoretic 
techniques. In Brassica oleracea, S- allele specificity of stigma 
(but not of pollen) proteins has been demonstrated (Nasrallah and 
Wallace, 1967; Nasrallah et al., 1970; 1972). Nishio and Hinata 
(1977a, b), working with the same species, postulated that S- allele 
specificity in the stigma was expressed by a combination of protein 
fractions." 
A biochemical model for the control of incompatibility where 
recognition reactions are determined by sporophytic fractions from 
the two parents and which takes place on the stigma has been outlined 
by- Heslop- Harrison_ et al. (1975) and comprises: 
(i) the synthesis of "recognition." proteins in the 
tapetum and their transfer to the exine during pollen. 
maturation; 
synthesis of "recognition' proteins in miorobodies 
in the stigma papillae and their transfer to the 
stig.:a surface (pellicle); 
interaction cf exine and pellicle protein fractions 
following pollination; 
(iv) activation of the male gametophyte and the stigma 
papilla leading to 
(a) acceptance (tube emergence, cuticle penetration, 
tube growth, fertilisation) 
or 
(b) rejection (inhibitor.- responses in tube and papilla 
including callose synthesis). 
It should be noted that one of the rejection responses common 
to both types of incompatibility systems is the deposition of callose. 
However, the place of deposition varies with the incompatibility 
system. In species with sporophytic self -incompatibility systems 
and stigmatic inhibition of incompatible pollen tubes, callose is 
deposited in pollen grains, pollen tubes and stigmatic papillae. 
In species with gametophytic self -incompatibility systems and 
stigmatic inhibition, callose is only deposited in the pollen grain 
or pollen tube. In species with gametophytic self -incompatibility 
but stylar inhibition, callose -plugs frequently appear at the end 
of an incompatible pollen tube (de î'ettancourt, 1977). 
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2.3 Interspecific incomnatibilityy 
In 1931 Anderson and de Winton noticed that crosses between 
self -incompatible and self -compatible Nicotiana species were only 
successful when the self -incompatible species was used as the 
pollinator. This was one of the earliest observations of the 
phenomenon of unilateral hybridisation which was later defined by 
Harrison and Derby (1955) as hybridisation "which can only be made 
in one direction, namely when the self -compatible species of the 
pair is used as the female parent and the self -incompatible one as 
the male parent ". Unilateral incompatibility (as unilateral 
hybridisation was later termed) is the most common manifestation 
of interspecific incompatibility, which occurs in many plant groups 
and has been extensively reviewed by many authors (Lewis and Crowe, 
1958; Abdalla and Hermsen, 1972; de Nettancourt, 1977). 
The hypotheses which have been proposed to explain unilateral 
incompatibility have centered around three major points: 
(i) interspecific and self -incompatibility are governed 
by different alleles or different elements of the 
S -locus (Lewis and Crowe, 1958; Pandey 1962b; 1968; 
1969) ; 
specific rejection genes interact with the S -locus to 
produce interspecific incompatibility (Abdalla and 
Hermsen, 1971); and 
rejection genes involved in interspecific incompatibility 
are separate from and do not interact with the alleles 
of the S -locus (Hogenboom, 1973; 1975). 
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For this phenomenon of interspecific incompatibility Hogenboom (1973) 
introduced the term "incongruity" to distinguish it from self - 
incompatibility. 
2.3.1 Intersnecific hybrids in the genus Lolium 
The most extensive study of hybridisation within the genus 
Lolium was conducted by Jenkin over several years (Jenkin, 1933; 
1954; 1955b; Jerkin and Thomas, 1939). The results were presented 
as percentage seed set, percentage germination and fertility of the 
F1 generation. The summarised results (adapted from Naylor, 1960) 
of crosses involving three outbreeding and three inbreeding species 
are presented in Table 2.3. Naylor (1960) concluded after studying 
Jenkin's results that intragroup crosses (SP x SP or XP x XP) 
produced a higher seed set than intergroup crosses. Table 2.3 
does not show that there was a higher seed set when inbreeding 
species were crossed but seeds produced germinated more readily 
than those produced as a result of intergroup crosses. It is 
very difficult to cross inbreeding species as the anthers are poorly 
exserted and little pollen is shed; this may explain why a lower 
seed set was observed than might have been expected. Hybrid plants 
produced between inbreeding species were either male sterile, female 
sterile or had a very low level of fertility and could not be 
perpetuated (Table 2.3), thus indicating that the species are 
distinct. Hybrids produced as a result of the intergroup crosses 
(XP x SP or SP x XP) were all male sterile, and frequently plants 
died before reaching maturity. Fully fertile F1 hybrids were 
obtained in crosses between outbreeding species and no breeding 























































































































































































































































































































































































































































hybridisation between inbreeding species (Table 2.3), 
The male sterility observed in the intergroup hybrids was 
probably partly caused by the differences in chromosome size 
between inbreeding and outbreeding Lolium species (Naylor and Rees, 
1958; Naylor, 1960; Rees and Jones, 1967). Inbreeding species 
were shown to have thirty to forty percent more DNA than outbreede rs, 
in this genus, and as a result have larger chromosomes. The genetic 
significance of this extra DNA, which appears to be mainly repetitive 
base sequences is not Down (Malik and Thomas, 1966). In a recent 
study Hutchinson et al. (1979) found that the extra DNA did not 
affect a wide variety of seedling and adult plant phenotype 
characteristics. 
The fact that fertile F1 hybrids are frequently obtained from 
crosses between the outbreeding Lolium species led Naylor (1960) 
(who studied the L. rerenne x L. multiflorum hybrid and found no 
cytological unbalance) to propose that the three outbreeding species 
are in fact subspecies. In contrast, Jenkin (1954) regarded 
L. perenne and L. multiflorum as distinct but closely related 
species and Malik (1967) thought of L. multiflorum and L. riidua 
in the same way. The evidence in support of separate species can 
be summarised as: 
(i) all three species show different reactions when crossed 
to species in the genus Festuca (Jenkin, 1955a); 
(ii) all three forms can be distinguished morphologically 
(Malik and Thomas, 1966); and 
(iii) there is some evidence of chromosome differentiation 
(Malik and Thomas, 1966). 
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Although the genotypes considered in these studies (loc. cit.) 
may or may not have been representative of the species as a whole, 
it should be noted that Humphries (1980) in the Flora Europea 
has classified the three outbreeding species as separate and distinct, 
based on morphological characteristics. 
Several studies on the evolution of the species within the 
genus Lolium have produced different conclusions. Essad (1962) 
(cited by Ma,Jik and Thomas, 1966), considered L. perenne to be the 
original species which, through progressive evolution, gave rise 
to forms like L. rigidum (annual, outbreeding) and hence to inbreeding 
species. Naylor (1960) considered the fact that inbreeders had 
larger chromosomes than outbreeders supported the theory (Darlington 
and Mather, 1949) that inbreeders evolved from outbreeders by a 
process of chromosome duplication and rearrangement. This theory 
was further supported by the recent study of Hutchison et al. (1979). 
Malik (1967) proposed that the ancestral species was outbreeding, 
annual and had medium sized chromosomes and that evolution was in 
two directions, producing inbreeding annuals with larger chromosomes 
and outbreeding species of various growth habits with smaller 
chromosomes. This hypothesis is supported by karyotype morphology 
as L. perenne and L. remotum have more advanced karyotypes 
(asymmetrical) than the remaining species (symmetrical karyctypes) 
(Stebbins, 1958). 
2.3.1.1 Tetraploid hybrids 
A wide range of tetraploid ryegrasses have been produced, such 
as the autotetraploids Barlatra (L. perenne) and Sabalan (L. multiflorun), 
and the allotetraploids Sabrina and Sabel (L. perenne and L. multiflorum). 
Diploid interspecific hybrids, although fertile, are genetically 
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highly unstable and potential interspecific allotetraploid hybrids 
are assessed genetically and cytologically as their commercial 
exploitation depends on their uniformity and stability over seed 
multiplication generations (Breese and Thomas, 1977). 
Results presented by Clarke and Thomas (1976), Clarke (1978) 
and Lewis (1978) (Table 2.4) showed that allotetraploid hybrids 
had a lower level of multivalent chromosome pairing and a corresponding 
higher level of bivalent pairing than autotetraploids of either 
L. perenne or L. multiflorum. While this may indicate a certain 
degree of preferential pairing, bivalent pairing can be shown to 
be preferential only when it results in disonic segregation (Breese 
and Thomas, 1977). Although Breese and Thomas (1977) demonstrated 
partial disomic segregation in certain allotetraploid F1 hybrids of 
L. L. perenne, Lewis (1978) concluded that in the 




















































































































































































































































































































































































































































2.4 Practical apli cations of self -incompatibility 
Self -incompatibility is common among cultivated plant species 
and, as such, can be considered a nuisance or an advantage to the 
plant breeder, depending on his aims and the production techniques 
employed. Before the incompatibility system can be utilised or 
eliminated the genetical control must be established for each 
species. 
Possible breeding objectives may include: 
the introduction of incompatibility into cultivars 
or breeding lines from other lines or wild relatives; 
(ii) permanent elimination of incompatibility by genetic 
means; 
(iii) regulating the strength of the incompatibility reaction 
by genetic or physiological means, to ensure self - 
pollination in a certain line at a given time and 
cross -pollination at all other times; and 
the development of breeding procedures which will allow 
the utilisation of incompatibility for hybrid seed 
production (Frankel and Galun, 1 977) . 
The most important use of incompatibility has proved to be 
the production of F1 hybrids. In theory, inbred S- homozygous plants 
(which are produced by selfing) are intercrossed. If the inbred 
lines display good combining ability the resulting F1 hybrids will 
be superior to either parent. Single, double or tripla crosses 
may be used depending on the self -incompatibility system involved 
and the cart of the crop which is harvested (Reimann- Phillip, 1965; 
Duvick, 1966). Single cross hybrids are the most uniform but also 
(i) 
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the most expensive to produce, while triple cross hybrids are the 
least uniform and the least expensive to produce. However, the 
latter cannot be utilised in species where pollen behaviour is 
determined gametophytically. 
Of economically important crop species having a one locus 
gametophytic self- incompatibility system double cross F1 hybrids 
have only been produced in Trifolium pratense (Anderson et al., 
1972). The gametophytic self -incompatibility systems operating 
in the Gramineae have been found to be genetically controlled by 
two or three loci (loc. cit.). Heterosis has been observed in F 
1 
hybrids produced by controlled single crosses in Paspalum notatum 
and C vnodon dactylon (Burton and Hart, 1964). The processes involved 
in producing these F1 hybrids were laborious and expensive. The 
structure of flowers of forage grasses does not permit mass 
emasculation and male sterile lines, while commonly present, have 
not been actively sought and developed. Since these aids in the 
production of F1 hybrids were unavailable England (197+) suggested 
a method for the production of F1 hybrid seed in commercial quantities 
based on the two locus gametophytic self -incompatibility system. 
If more than two loci were found to control self -incompatibility in 
any species of forage grass the percentage of F1 offspring expected 
to be hybrid would be reduced (2 loci : 83r, hybrid; 3 loci : 71% ; 
1+ loci : 6c) (England, 1974). 
Within species displaying homomorphic sporophytic self- 
incompatibility systems, considerable success has been achieved 
in the production of F1 hybrid cultivars (Frankel and Galun, 1977). 
One of the first such hybrids was a triple cross kale (Brassica 
5¡+ 
oleracea var. aceohala) bred at Cambri3ge (Thompson, 1964). 
Despite the simplicity of the theory there are problems 
associated with F1 hybrid production in practice, including: 
(i) new incompatibility specificities, which cause self - 
fertility are often produced as a result of inbreeding 
in species having gametophytic self -incompatibility; 
(ii) depression, caused by continuous inbreeding, sometimes 
resulting in the loss of lines (this may be overcome 
by vegetative reproduction) ; 
(iii) pseudo- compatibility, where weak S- alleles are incorporated 
into parental lines; 
(iv) incompatibility may be reduced in certain environmental 
conditions (such as high temperature and high humidity); 
and 
(v) the restriction of pollination within parental lines 
by vectors was observed when lines were morphologically 
distinct (Frankel and Galun, 1977). 
In conclusion, it should be noted that in spite of these problems, 
sporophytic incompatibility has been successfully used for commercial 
hybrid seed production. 
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2.5 Pollen 
Investigations of self -incompatibility systems require a 
plentiful supply of viable pollen over a period of time. Unfortunately, 
Gramineae pollen is not amenable to storage using conventional 
methods (section 2.5.2), and pollen that is collected must be used 
within hours. Therefore, a reliable method for assessing pollen 
viability rapidly and accurately is essential. 
2.5.1 Pollen viability 
Over the years many methods have been developed to demonstrate 
pollen viability including specific stains and the ability of pollen 
to germinate in culture media (Manthiratna and Hayward, 1973). 
Although the best estimate of viability is the ability of pollen 
to achieve fertilisation in vivo this method is often unsatisfactory 
because of the time lag between pollination and seed set, and pollen 
which is incompatible can be scored as inviable. 
2.5.1.1 Stains 
In staining pollen grains to assess viability, chemicals are 
adsorbed by specific cell constituents present in mature pollen. 
Frequently, immature or aborted pollen grains contain levels of 
these chemicals sufficient to yield positive results. 
2.5.1.1.1 Cotton blue in lactophenol demonstrates 
potential viability by staining the callose lining of intact pollen 
grains ( Manthiratna and Hayward, 1973) . 
2.5.1.1.2 Nitroblue tetrazolium indicates the 
degree of succinic acid dehydrogenase activity in pollen cytoplasm. 
The stain, nitroblue tetrazolium, is an indicator dye and reacts 
with succinic acid, if present, to produce, a coloured compound, 
formazan. Succinic acid dehydrogenase is an enzyme involved in the 
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Krebs Cycle, and its presence has been equated with the capacity 
for oxidative metabolism and hence viability (Hauser and Morrison, 
1964). It has been shown, using pollen from a common source, 
that pollen stained with nitroblue tetrazolium salts gave a lower 
percentage of viable grains than pollen stained with cotton blue 
in lactophenol. This indicated that although the lining of the 
pollen grain was intact they did not all have the ability to respire 
(Hauser and Morrison, 1964.; Manthiratna and Hayward, 1973). 
2.5.1.1.3 Fluorescein diacetate estimates pollen 
viability by enzymatically induced fluorescence. The fluorochromatic 
reaction depends on the entry of non -polar substrate into the 
vegetative cell where it is hydrolysed by esterase to give the 
polar product, fluorescein, which is retained by the cell membrane. 
The property primarily tested for, apart from the presence of an 
active esterase, is the integrity of the plasmalemma. Normal 
permeability of the plasmalemma was considered to be closely 
correlated with pollen viability (Heslop- Harrison and Heslop- Harrison, 
1970). Heslop- Harrison and Heslop- Harrison (1970) demonstrated 
that following treatments affecting the cell membrane (such as the 
addition of saponin, heating or puncturing the pollen grain) the 
fluorochromatic reaction did not develop in pollen grains immersed 
in solutions of fluorescein diacetate. 
2.5.1.2 Germination in vitro 
The principle of an in vitro assay is to record the percentage 
germination after a given period of time. This is the standard 
test for pollen viability and is based on the assumption that 
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germination in vitro approximates that in vivo. 
Angiosperm pollen graina are either binucleate or trinucleate 
at anthesis (Brewbaker, 1957): grass pollen is trinucleate 
(Brewbaker, 1957; 1959). Results generally showed that trinucleate 
pollen is difficult to culture on artificial media (Brewbaker and 
Majumder, 1959). Despite this, successful germination of Gramineae 
pollen in vitro has been reported for Pennisetum thyphoideum (Vasil, 
1960), Secale cereale ( Pfahler, 1965; Shivanna, Heslop- Harrison 
and Heslop- Harrison, 1978) Zea mays (Cook and Walden, 1965; Pfahler, 
1967; 1968) Avena byzantina C. Koch (Wallace and Karbassi, 1968) 
Lolium perenne and L. multiflorum (Ahloowalia, 1973; Manthiratna 
and Hayward, 1973). All the culture media used for in vitro 
germination tests contained high concentrations of sugar (usually 
sucrose). In general, trinucleate pollen grains required a higher 
concentration of sucrose to germinate in vitro than binucleate pollen 
grains (Brewbaker, 1959). In all the successful attempts to germinate 
grass pollen in vitro, boron, present as boric acid, was included 
in the media. Boron has been known to stimulate germination and 
pollen tube growth in vitro since the early 1930's (Schmucker, 1935). 
However, the function of boron is not known, although many roles 
have been postulated (Visser, 1955; Pfahler, 1968). Calcium is 
also considered necessary for pollen germination and pollen tube 
growth in vitro by some authors ( Pfahler, 1967; Brewbaker and Kwack, 
1963). Calcium, diffusing out of pollen grains was thought to 
stimulate others to germinate, producing the so- called "population 
effect" ( Brewbaker and Kwack, 1963). Both calcium and boron were 
toxic to pollen grains at high concentrations and caused a decrease 
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in germination percentage and a decrease in pollen tube length 
in vitro (Vasil, 1960; Pfahler, 1967; 1968) . Physical conditions 
as well as the chemical constituents of the medium were observed 
to affect germination in vitro. Pfahler (1965) and Wallace and 
Karbassi (1968) noted that a high relative humidity above the 
culture medium increased the percentage germination of pollen 
grains in vitro. 
Following germination, many workers have measured the lengths 
of pollen tubes. Usually, the length to which a pollen tube grey 
in vitro was found to be insufficient to achieve fertilisation 
in vivo (Brewbaker, 1959; Rosen, 1971; Pfahler, 1965). It is 
unlikely that the solid or semi -solid media used for germination 
tests in vitro resemble the pistil, especially in the Gramineae 
and it must be concluded that optimum growth conditions are rarely, 
if ever, established in in vitro media. The pistil provides the 
perfect environment during compatible matings which has not, or 
cannot be duplicated (Rosen, 1971; Stanley and Linskens, 1974). 
2.5.2 Pollen storage 
Reliable methods for storing pollen would be of use to plant 
breeders by extending the crossing season and allowing easier 
interspecific hybridisation between species flcvrerirg at different 
times. 
The maintenance of pollen viability depends on the conditions 
of storage. The most important factors include relative humidity, 
temperature, and the constituents of the atmosphere surrounding the 
pollen. As well as being difficult to germinate in vitro, grass 
pollen is short lived and most workers have found that it is not 
amenable to storage in conditions of low temperature and low relative 
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humidity (Visser, 1955; Brewbaker and Majumc.er, 1959). 
Gramineae pollen was shown to lose its viability within one 
day under dry storage conditions (less than 30'1 relative humidity) 
( Linskens, 1964.; Stanley and Linskens, 1974.). This loss was 
slightly slower at low temperatures (Antony and Harlan, 1920). 
For example, Zea mays pollen stored at high relative humidity (9%) 
and low temperature (2oC) remained viable for four to five days 
(Pfahler and Linskens, 1973) or twelve days (Walden, 1967) . Grass 
pollen could not be stored for longer periods of time by freeze 
drying or vacuum drying (Antony and Harlan, 1920; Stanley and 
Linskens, 19710. 
The short lived nature of Gramineae pollen has been attributed 
to its less resistant morphological structure as the exine provides 
no protection against dessication during storage (Linskens, 1964). 
In addition, it is probable that trinucleate pollen grains contain 
few metabolites as a result of the second nuclear division occurring 
before dehiscence, a condition which may contribute to their reduced 
longevity compared to binucleate pollen grains (Brewbaker, 1959). 
3. YA TM. IA L AND MI-71"rl OD S 
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3. MATRLAL AND :,?CDS 
3.1 Material 
The material used in this study is detailed below. 
Species 
L. rigidum, Gaud. (2x) 
Seed from three populations 
collected in France 
L. multiflorum, L. (2x) 
S22, Sceemster, Combita 
L, multiflorum, L. 
Experimental lines 
Bb 1353, Bb 14.19 
L. perenne, L. (2x) 
Experimental lines 
Ba 8979, Ba 8981 
L. perenne, L. (1+x) 
Experimental lines 




d'essais de semences, 
Versailles 
Commercial varieties 
Welsh Plant Breeding 
Station, Aberystwyth 
Welsh Plant Breeding 
Station, Aberystwyth 
Welsh Plant Breeding 
Station, Aberystwyth 
3.1.1 Composition of F families 
The parentage of the F1 families used in this study are 
detailed in Table 3.1. 
61 
Table 3.1, 
Parentage of F1 families 
Species Parents F1 family code 
L. rigi.dun (2x) Plants from populations B5x08 
(coded B4O,L) crossed 01x02 
L3xB1 
L. multiflorum (2x) S22 x Sceemster ED1 
Sceemster x Combita ED2 
S22 x Combita ED3 
L. multiflorum (4x) Bb 1419 x Bb 1419 Lm3, Lm4 
L. nerenne ( 2x) Ba 8979 x Ba 8981 M1 
, 
M2 
L. perenne (4x) Ba 8982 x Ba 8983 Lp1 
Ba 8982 x Ba 8982 Lp2 




NB In all crosses involving plants from experimental lines, 
different plants from each line were used for each cross. 
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3.2 Methods 
3.2.1 Production of F1 families 
F1 families were produced by controlled pollinations between 
self -incompatible, unrelated plants. Seeds were germinated on 
moist filter paper in petri dishes and sovm in Fisons potting 
compost in ¿" pots when 7 -10 days old (in this way only one plant 
per pot became established). The progeny, of 30 -40 plants per 
family, were grown in a greenhouse until flowering. Vernalisation, 
where necessary, was accomplished by leaving the plants in an outdoor 
cage for 12 weeks. Flowering could be achieved out of season by 
the use of a 16 hour daylength in a heated greenhouse. Some 
families were allowed to flower naturally. The timetable of 
events for each family from production to use is given in Table 3.2. 
3.2.2 Diallel 
Pollination_s were performed in vitro using Lundgvists (1961b) 
Petri dish technique. Whole pistils were dissected from florets 
immediately prior to anthesis, and the base of the ovary was placed 
in a recorded position on an agar plate. In this way two pistils 
per plant of up to forty plants were able to be pollinated by one 
male plant. Each petri dish was therefore equivalent to a single 
male array of a diallel cross, and each array was replicated. 
Stigmas were pollinated within eight hcurs of plating. 
Fresh pollen was collected by bagging cut flowering heads, 
just beginning to shed pollen, which were placed under lights to 
encourage anther exsertion. After a maximum of two hours the bags 
were tapped to shatter anthers which had not burst and pollen was 













































































































































































































































































































































































































































































































































































































































































































































































































































































at room temperature, this being sufficient time to allow germination 
and pollen tube growth to the base of the stigma, in compatible 
crosses. The petri dishes were then stored under refrigeration 
(0 -4o0) for a maximum of 48 hours before staining. 
3.2.2.1 Agar for plating pistils 
A nutrient agar comprising 100g sucrose, 30g lima -bean agar 
(D ifco), and 0.1g boric acid per litre of distilled water was 
prepared and autoclaved at 151bs p.s.i. for 15 minutes at 1210C. 
After cooling, the agar was poured into petri dishes under sterile 
conditions. 
3.2.2.2 Staining pistils to observe pollen tube growth 
Several staining techniques were examined (Lalouette, 1967; 
Kho and Baer, 1968; Sherwood and Vance, 1976; Eschrich and Currier, 
1974) in order to establish the most suitable for the material studied. 
The basis of each technique was to use aniline blue to stain for 
callose, which plugs and lines pollen tubes, and to observe the 
resulting fluorescence using ultra violet (U.V.) illumination. 
3.2.2.2.1 Staining schedule. The most satisfactory 
staining technique was that devised by Martin (1959), and modified 
by Lawrence (p.c., 1978). Whole pistils were stained on a slide 
in a 0.25 solution of water -soluble aniline blue (Gurr) in 0,1M K3FO4 
(tri- potassium orthophosphate) for 1 -2 minutes. Excess stain was 
removed and the pistils were mounted in glycerol and crushed gently 
under a coverslip. Observations were made using a Leitz Ortholux 
2 fluorescent microscope with incident light illumination. 
3.2.2.2.2 Fluorescence microscopy. The difference 
between fluorescence and light microscopy is in the light source. 
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For fluorescence microscopy a high pressure mercury vapour lamp 
is used, which supplies radiation in the U.V. and visible short 
wave part of the spectrum. Exciting filters are used in conjunction 
with the light source to provide only the wavelengths required for 
fluorescence excitation (blue light 390 -400 um; U.V. 360 um) and 
transmit them to the object. Fluorescence intensity is slightly 
greater in blue light but the fluorescence obtained in not as specific 
as that observed in U.V. light (Eschrich and Currier, 1964). To 
avoid reduction of contrast, the primary fluorescence of the optical 
elements of the microscope, slide, coverslip and mounting fluid are 
kept as low as possible. By use of a second set of filters 
(suppression filters), short wavelengths scattered by the specimen 
are absorbed and only the long wavelengths of the fluorescent parts 
of the tissue are transmitted. 
The Ortholux 2 was fitted with a Wotan HBO 100W super pressure 
mercury lamp and two filter systems. 
(i) Filter system A for U.V. excitation which resulted in 
a yellow fluorescence: 
exciting filter 2x2mm UG1 
dichroic mirror Tk 400 
suppression filter K 430 
(ii) Filter system G for blue illumination which resulted in 
a green - yellow fluorescence: 
exciting filter 3mm BG12 
dichroic mirror Tk 510 
suppression filter K 515 
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3.2.3 Pollen viability 
Pollen viability was determined by two alternative methods: 
the ability of pollen to take up a specific stain; and the ability 
of pollen to germinate in vitro. 
3.2.3.1 Stain for pollen viability (Heslop- Harrison 
and Heslop- Harrison, 1970) 
A stock solution of fluorescein diacetate (2mg fluorescein 
diacetate (Sigma)/m1 acetone) was prepared and stored under 
refrigeration (0- 0 °7''). Aqueous solutions of fluorescein diacetate 
flocculate at concentrations above 5 x 10 6M and therefore fresh 
substrate solutions were prepared each time pollen viability 
determinations were made. Substrate solutions were prepared by 
adding stock solution drop by drop to approximately 20m1 0.5M 
sucrose until the solution appeared milky. A range of sucrose 
solutions were tested to find the tonicity which gave the fewest 
number of burst pollen grains. 
For each plant tested three anthers immediately prior to 
anthesis were dissected from a floret and gently squeezed over a 
drop of solution on a slide. A coverslip was placed on the drop 
and the preparation was viewed under U.V. illumination on a Leitz 
Ortholux 2 fluorescent microscope. Pollen grains which fluoresced 
were scored as viable. Anthers from two different florets from 
separate spikelets for each plant tested were used, and each test 
was replicated. Between 150 and 200 pollen grains were scored for 
each preparation. 
3.2.3.2 Pollen grain germination in vitro 
Anthers immediately prior to anthesis were gently teased open 
over a sterile semi -solid medium in petri dishes comprising 1i; Da7is 
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Standard agar, 0.6M sucrose, 10-3M boric acid and 2.5 x 10 -3,f 
calcium chloride (Shivanna, Hesiop- Harrison and Heslop- Harrison, 
1973). Petri dishes and pollen grains were incubated for one hour 
at room temperature. Pollen grain diameter and the corresponding 
pollen tube length, for at least 15 grains, were measured using 
a micrometer eyepiece fitted to the x10 objective of a Vickers M15c 
light microscope. 
3.2.1. Anther and stigma length 
The length of anthers immediately prior to anthesis was measured 
using vernier calipers. At least 50 anthers per plant were measured, 
from representative plants within a family. The size of stigmas 
corresponding to the anthers measured was also determined using 
vernier calipers. Whole pistils were plated onto agar (20% Davis 
Standard agar) and left for 30 minutes at room temperature for the 
feathery stigmas to achieve maximum extension. At least 20 stigmas 
(both branches) were measured per plant. 
302.5 Cytology 
The chromosome number of plants in the F1 families was determined 
using the following technique. 
302.5.1 Pollen mother cell meiosis 
Young influorescences were fixed in 3:1 absolute alcohol : 
acetic acid for 24. hours at 4 °C, then transferred to 705 alcohol 
and stored under refrigeration until required. Infl.uorescences 
were hydrolysed in N hydrochloric acid (HC1) for 6 minutes at 60 °C, 
and then stained in Feulgen at 4 °C for one hour. Anthers were 
dissected from florets and stained in acetic orcein for 1 -2 minutes, 
on a slide, then macerated and squashed under a coverolip. 
Preparations were viewed using a Reichart Biopan microscope. 
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Permanent preparations were made by freezing with Polar Spray 
(dichlorodifluoromethane), then the coverslip was removed and the 
preparation was dehydrated in absolute alcohol for 90 seconds, air- 
dried and mounted in Euparal under a clean coverslip. 
3.2.5.1.1 Feulgen (Darlington and LaCour, 194.2). 
One gram basic fuchsin (B.D.H.) was dissolved in 200m1 boiling 
distilled water. The solution was shaken and cooled to 50 °C, 
then filtered. Thirty ml HC1 and 3g potassium disulphide (K2S2O4.) 
were added to the filtrate and the solution was allowed to bleach 
for 24. hours in a tightly stoppered brown bottle in the dark. Then 
0.5g decolourising carbon was added to the bleached solution which 
was shaken well for one minute. The solution was filtered through 
coarse filter paper and the filtrate was stored in a brown bottle 
at 4. °C 
3.2.5.1.2 Acetic orcein (Darlington and LaCour, 1942). 
One gram of orcein (Raymond A. Lamb) was dissolved in 4.5ml hot glacial 
acetic acid. When cool, 55ml distilled water was added. The 
solution was shaken, then filtered and stored in a brown dropper 
bottle. 
1+. R 'LILTS 
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4. RESULTS 
4.1 F1 families 
The results of the diallel crosses carried out in thirteen F1 
families of ryegrass are given in detail in Figures 4.1 to 4.13. 
A detailed summary of the species, ploidy, code and number of 
plants in each F1 family is given in Table 4.1. 
In all the F1 families pollen control of the incompatibility 
reaction was found to be determined gametophytically as differential 
pollen behaviour was observed on stigmas in compatible crosses. 
In species where the incompatibility system is determined sporophytically 
differential pollen behaviour does not occur; pollen is either all 
compatible or all incompatible. Although the pollen behaviour 
was determined gametophytically it was not possible to classify 
pollen into classes such as 50%, 755 or 100% compatible. However, 
completely incompatible crosses (0% compatible) were easy to score. 
Each F1 family contained plants which were self -compatible 
when excised stigmas were pollinated in vitro. The proportion 
of self -compatible plants ranged from 7.4% in a diploid multiflorum 
family (ED2: Fig. 4.5) to 52.E in a diploid L. perenne family (Ml: 
Fig. 409). In each pollination classified as self -compatible in 
vitro only one or two pollen tubes were observed growing through 
the stigma and the majority of pollen grains were incompatible. 
In contrast, numerous pollen tubes grew through stigmas in cross - 
compatible reactions. When flowering heads were selfed by being 
bagged singly very few seeds were set (Table 4.2). There did not 
appear to be any correlation between seed set by bagging flowering 
heads and pollen tube growth through self stigmas in vitro. It is 
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Table 4.1 
Details of F families 
Species Ploidy Code No. plants 
in family 
Figure 
L. riidum 2x B5x08 25 4.1 
01x02 25 4.2 
L3xB1 27 4.3 
L. multiflorum 2x ?.,D1 26 4.4 
ED2 27 4.5 
ED3 17 4.6 
4x Lm3 24 L:.7 
Lm4 28 4.8 
L. perenne 2x M1 23 4.9 
4x Lp1 25 4.10 
Lp2 38 4.11(a)(b) 
L. x 4x F?rí1 20 4.12 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































possible that, on occasion, the environment in the petri dish (high 
temperature and relative humidity) was conducive to selfing. 
The frequency_ of pollinations which were cross -incompatible 
was 225 for diploid F1 families and 26¡ for tetraploid F1 families 
(Table 4.3; Appendix 1, Table 1) . Cross-incompatible reacti ons 
between plants were of two types. Firstly, examples of one way 
compatibility were found in each diallel, such that the cross plant 
A x plant B was compatible and plant B x plant A was incompatible. 
The phenomenon of reciprocal differences between plants is characteristic 
of sporophytic self -incompatibility systems (and is caused by 
dominance of S- alleles), and multilocus gametophytic self -incompatibility 
systems when the parents of the F1 family have alleles in common. 
The proportion of pairs of crosses recorded as one way compatible 
ranged from 7.35 in L3xB1 (diploid, annual: Fig. 4.3) to 43.85 in 
Lm3 (tetraploid, biennial: Fig. 4.7) (Table 4.4). Secondly, there 
were plants which were reciprocally incompatible but had differing 
reactions with other plants, thus indicating that they did not 
belong to the same mating group. There was only one example in 
all of the thirteen F1 families where two reciprocally incompatible 
plants had the same reactions with all other plants in the diallel: 
plants 16 and 27 in family PM2 (tetraploid interspecific hybrid 
between L. oerenne and L. multiflorum: Fig. 4.13). However, many 
of the possible crosses in this family have not been performed and 
it is likely that plants 16 and 27 had different mating types. 
Therefore, there were as many different mating types as plants in 
each F1 family examined, ranging from twelve (or thirteen) in family 
PM2 (tetraploid interspecific hybrid: Fig. 4.13) to thirty eight 
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Table 4.3 
Proportion of cross -compatible and cross -incompatible pollinations 







L. r7. g7. dum 2x 
B5xO8 81.6 18.4 
01x02 74.5 25.5 
L3xB1 94.6 5.4 
L. multiflorum 2x 
LD1 70.3 29.7 
ED 2 69.4 30.6 
ED3 61.4 38,6 
L. multiflorum 4x 
Lm3 65.7 34.3 
Lm4 68.5 31.5 
L. perenne 2x 
93.0 7.0 .,:1 
L. perenne 4x 
Lp1 74.1 25.9 
Lp2 88.8 11.2 




P!,11 7009 29.1 









































































































































































































































































































































































































































































































































































































Table !+.L- contd. 
K: 
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+ H + reciprocally compatible 
- H - reciprocally incompatible 
+ H - one way compatible 
2 
comparison between paired results 
observed and those of ,6sterbye et al. (1980) 













































































































































































































































































































































































































































































































































































































































































































Tacle '.05 conti 
Key: 
80 
reciprocally co- atible 
F-> reciprocally incompatible 
+ one way compatible 
2 
comparison between paired results, 
calculated assuming reciprocal crosses 
to be identical and those of ,5sterbye 
et al. (1980) 
probability of obtaining value 
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in Lp2 (tetraploid perennial: Fig. 4.11(a)). 
In addition to recording the proportion of crosses which were 
compatible or incompatible each F1 family was analysed on the 
pairing system devised by,Ósterbye et al. (1980). The pairs of 
crosses were scored as: reciprocally compatible, reciprocally 
incompatible and one way compatible. The results of this type 
of analysis carried out on the thirteen F1 families are presented 
in Tables 4.4 and 4.5 (extended results: Appendix 1, Table 2). 
Osterbye et al. (1980) proposed a novel system for the genetic 
control of a gametophytic self -incompatibility system by three loci, 
where one of the original loci had been duplicated (for example S'S "Z). 
The system was suggested as a possible explanation of results 
obtained from studies on the genetic control of self -incompatibility 
in L. perenne (Spoor, 1976) and L. multiflorum (Hay, 1978). This 
approach allows for the phenomenon of reciprocally incompatible 
plants having different genotypes, and a high level of one way 
compatibility in a diallel cross, as only two alleles (one S and one 
Z) have to be matched in pollen and pistil to produce an incompatible 
reaction. For one specific cross the proportions of the paired 
reactions expected in a F1 diallel were given by , sterbye et al. (1980) 
as: 
68.8% reciprocally compatible; 
13.5% reciprocally incompatible; and 
17.7% one way compatible. The results of the paired analyses are 
presented in Tables 4.4 and 4.5, as proportions of the three types 
of paired reaction. For each diploid F1 family, the results obtained 
have been compared to the theoretical expectations of Osterbye et al. 
(1980 ) using a x 2 test. The results of thee tests presented in 
Table 4.4 show that the seven diploid families are unlikely to be 
of the type proposed by ,sterbye et al. (1980). As the diallels 
contained blanks where crosses had not been performed, a theoreticaal 
exercise was carried out filling in blanks on the assumption that 
crosses would be reciprocally identical (Table 4.5). This reduced 
the frequency of one way compatible crosses and increased the 
frequency of reciprocally compatible and reciprocally incompatible 
crosses (Table 4.4 ; Table 4.5). As a result, two diploid families 
B5x08 (annual: Fig. 4.1) and ED1 (biennial: Fig. 4.4) exhibited 
similar proportions of the three types of paired reaction to the 
theoretical family of ,Ósterbye et al. (1980). In addition, there 
was a higher level of cross -compatible reactions in diploid than 
in tetraploid F1 families and a corresponding lower level of cross - 
incompatible and one way compatible reactions in diploid than in 
tetraploid F1 families (Table 4.4). Previous studies on induced 
tetraploids of Secale cereale ( Lundgvist, 1957) and Festuca pratensis 
(Lundquist, 1962b) demonstrated that the gaze tophytic self -incompatibility 
system was retained, but modified so that only one S and one Z allele 
carried in the pollen had to be matched to produce an incompatible 
reaction. This resulted in a reduction in the frecuency of cross - 
compatibility and an increase in the frequency of one way compatible 
reactions. In addition, diallels between progeny produced as a 
result of crossingtetraploid S. cereale or F. pratensis resulted 
in plants which were reciprocally incompatible, but had different 
mating types. 
In order to investigate further the self -incompatibility 
genotypes present, consideration was given to the mating reaction 
of each individual plant within a diallele In a gametophytic 
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self -incompatibility system controlled by two or more genes, 
individuals heterozygous at most or all of the S -loci could be 
expected to be successful as pollen donors. In contrast, individuals 
homozygous for most of the S -loci would be expected to be successful 
as pollen receivers. In order to quantify this characteristic, 
the percentage of cross -incompatible reactions (out of the total 
crosses performed for that individual) were calculated for each 
plant in every F1 family. For each individual, separate calculations 
were made representing percentage cross -incompatibility as a male, 
and as a female, and the difference obtained (Table .6). The 
sign of the difference between the two values would give an 
indication of the success of a plant as a male or female, such 
that negative values would indicate plants heterozygous at most 
S -loci and positive values plants with more homozygous S -loci. 
(Values calculated refer only to S -loci, not to the overall hetero- 
zygosity of a plant, which was not Down). When either the male or 
female array of an individuals reactions was incomplete, the 
calculated difference (Table i.6) did not always give an accurate 
indication of the plants reactions in the diallel. This resulted 
in three types of error which are represented on Table 4.6 by the 
following symbols: 
(i) $ an asterisk indicates that the sign of the value is 
wrong. For example, plant 25 in the family 01x02 has 
a heterozygosity value of -15.0, but was more successful 
as a female than as a male, and a positive number would 
have been expected; 
(ii) t indicates the number was expected to be zero as the 
plant was equally successful as a male and as a female; 
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7able 4.6 
: eteroZ;Tsosltÿ value of S-loo7. calculated for plants in each :"'1 family 
Family: 
Plant 
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01x02) L. riF_iaum, ai-loid 
L 3.31 
For explanation of symbols see text. 
ED1 
LD2 L. multifloram, diloiw 
"'rJ 3 
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Table 4.6 contd. 
'_etercc- gosity value of S -loci calculated for Plants in each F1 family 
Family: 
Plant 
Lm3 Lm4 :i.1 Lpl Lp2 F'.,_1 F'.C2 




3 -29.9 * 10.2 9.8 
4 - 3.6 -25.5 16.3 
5 17.2 - 1.0 * 10.9 0 6.4 8.3 ..- 
6 - 6.7 10.3 22.2 $ 7.4 - 8.9 
7 - 3.3 * - 1.5 -18.2 23.1 - 7.3 
8 - 9.7 - 8.7 - 9.7 -21.5 
9 - 3.7 0 6.3 5.0 
10 3.8 0 0 3.3 20.0 * 33.3 
11 3.7 -13.6 + 0 0.3 t 37.5 
12 13.5 9.1 -16.7 - 0.3 t -31.8 
13 0 32.9 - 2.2 0 
14 3.1 - 401 -14.5 - 3.8 * -41.7 
15 5.2 * -42.9 15.2 
16 -11.4 -16.1 0 0 10.4 -15.3 -35.7 
17 405 - 5.0 -16.7 + 
18 10.1 - 2.7 - 3.0 27.1 20.8 
19 9.9 -13.4 -30.0 5.7 25.5 
20 4.2 0 - 6.8 - 6.3 
21 13.9 16.7 
22 11.2 18.6 26.9 ;F -11.7 20.0 
23 8.9 5.5 - 4.6 -50.0 - 4.4 -16.7 
2L - 5.0 - 4.6 -13.3 + 33.3 
25 15.3 -7.1 t 0 -10.2* -7.4 7.8$ 
26 -12.0 - 4.5 - 6.3 11.9 
27 -19.2 -16.7 7.1 14.3 - 8.3 $ 
28 9.1 - 3.0 
+ 
4.2 + 0 
29 - 7.5 23.3 - 9.1 10.0 5.4 0 
30 - 7.7 - 6.9 9.1 4.2 18.1 
31 -13.4 - 3.2 0 - 3.1 -13.5 
32 1.6 t -18.1 4.5 -25.0 21.9 
33 3.9 9.1 -11.0 20.8 
34 9.1 10.0 - 2.7 -25.0 t 
35 12.6 9.6 $ 4.5 28.6 -11.5 
36 28.6 - 3.5 4.5 10.3 - 2.8 -18.6 
37 -16.5 6.1 
38 - 9.5 12.6 -12.5 
39 3.0 
40 - 1.4 -10.2 1.7 
- Lm3) L. multiflorum d. , tetraploi
Y.1 L. r.erer_ne,, diploid 
For explanation of symbols see text. 
Lpi) 
Lp2) 
L. perenne, tetraploid 




(iii) +0 or -0 indicates that the difference between the two 
percentage cross -incompatibilities calculated should not 
have been zero and the sign before the zero shows whether 
the plant was more successful as a male ( -0) or as a 
female ( +0). In total, 52 of the 198 plants studied 
had misleading heterozygosity values. 
By selecting plants in each F1 family which had a high negative 
number and those which had a correspondingly high positive number 
(highest and lowest heterozygosity values) a small array could be 
created. Within each section of every small diallel for each F1 
family the percentage cross -incompatibility was calculated. Thus, 
it was expected that plants with heterozygous S -loci would be 
compatible as pollinators with all other plants; and that plants 
with homozygous S -loci would be generally incompatible as pollinators 
of heterozygous plants but compatible as pollinators of homozygous 
plants (Fig. 4.14 (a)). A number was selected for a cut -off point 
between plants having high and low negative heterozygosity values 
to ensure that all the plants with heterozygous S -loci were cross - 
compatible (Table 4.7). As expected, there was a high frequency 
of cross -incompatible reactions in the homozygous x heterozygous 
o 
+ category (Table 4.7: Fig. 4.14(a)). However, contrary to 
expectations there was a low frequency of cross -incompatible 
reactions in the heterozygous e x homozygous ? category (Table 4.7) 
in five of the thirteen F1 families. However, in the four diploid 
F1 families this was the result of plants with heterozygous and 
homozygous S -loci being reciprocally incompatible. 
The calculated heterozygosity values were used to rearrange 
87 
Fig. i r . 1+. 
(a) Expected perecentage cross -incompatibility between plants 
with heterozygous and homozygous S -loci 
e 
heterozygous homozygous 
heterozygous 0 high 
homozygous 0 low 
(b) Expected areas of cross -incompatibility and cress -compatibility 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































results of the diallel crosses by placing the plants in decreasing 
order of heterozygosity from left to right. The rearranged 
diallel for family B5xJ8 (diploid annual: Fig. 4.1) is given in 
Fig. 4.15. Cross-incompatible reactions would only be expected 
to occur between plants where the male had fewer heterozygous S -loci 
than the female (Fig. 4.14(b)). The rearranged diallels of 
diploid F1 families did not conform to the expected pattern (Fig, 
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O Incompatible ® Selfcompatible 
F family L3:,ä31 : results of crosses between twenty -seven plants 
produced by a controlled cross between two diploid L. rigidum 
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O Incompatible ® Selfcompahble 
F1 family Lm3: results of crosses between twenty -four plants 
produced by a controlled cross between two tetrapicid L. multiflorum 
plants from the same experimental line (B6 1419). 
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O Incompatible Self- compatible 
F family Lpl: results of crosses between twenty-five plants 
produced by a controlled cross between two tetraplcid L. nererne 
plants from different experimental lines (Ba 8982 and Ba 8-79e77 
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F1 family Lp2: results of crosses between thirty -eight plants 
produced by a controlled cross between two tetraploid L. Derenr_e 
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Self -compatible 
F1 family Fi2: results of crosses between thirteen plants 
produced by a controlled cross between tetraploid L. nerenre 
(Ba 8982) and L. multi forum (Bb 109) plants. 
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4.2 Pollen viability 
Two methods of estimating pollen viability were examined: 
(i) fluorescein diacetate stain (Heslop -Harrison and Heslop- 
Harrison, 1970); and 
(ii) "in vitro germination" of pollen grains, 
4.2.1 Staining with fluorescein diacetate 
Staining with fluorescein diacetate was thought to assess the 
integrity of the plasmalemma of the vegetative rather than the 
generative cell of pollen grains (Heslop- Harrison and Heslop- Harrison, 
1970). Pollen grains which fluoresced when stained were scored 
as viable. Pollen viability was estimated for plants in eight 
of the thirteen F1 families, which included diploid and tetraploid 
plants over a range of growth habits (Table 4,8). The mean pollen 
viability measurement for each plant used in each family is detailed 
in Appendix 1, Table 3. 
The different outbreeding species within the genus Lolium 
were presumed to have differing growth habits (from annual to perennial), 
although this characteristic may be highly variable, especially for 
biennial and perennial species. Therefore, L. ripidum was classified 
as an annual; L. multiflorum as biennial; L. Derenne as perennial; 
and the tetraploid interspecific hybrid between L. perenne and 
L. multiflorum as biennial /perennial (Table 4.8). However, as the 
distinction between biennial and perennial growth habits was difficult 
to assess (due to lack of time the true behaviour of the families 
studied was unknown) it was later decided to divide the families 
into annual and non- annual species. This resulted in three categories 
of families: diploid annuals, diploid non -annuals and tetraploid 
non -annuals (Table 4.8). The mean pollen viabilities for each 
106 
Table L.8 
















(biennial x perennial) 
I?',í1 
312 
Perennial i',11 Lp2 
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family and for each category are given in Table 4.9. 
By using the different categories outlined above, Analyses 
of Variance were carried out to test the following null hypotheses, 
that there was no difference in mean pollen viability between: 
(i) diploid and tetraploid F1 ryegrass families; 
(ii) annual and non - annual F1 ryegrass families; 
(iii) diploid annual, diploid non -annual and tetraploid non - 
annual F1 ryegrass families; and 
(iv) diploid annual, diploid perennial, tetraploid biennial, 
tetraploid perennial and tetraploid interspecific hybrid 
P1 ryegrass families. 
The results showed that there was no significant difference 
in mean pollen viability between diploid and tetraploid F1 ryegrass. 
families (Table 4.10(i)) and between annual and non -annual F1 families 
(Table 4.1061)). However, when the F1 families were divided into 
categories coWbin n ploidy and growth habit there was a highly 
significant difference in mean pollen viability between diploid 
annual, diploid non -annual and. tetraploid non - annual F1 families 
(Table 4.10(ii))and between the different diploid and tetraploid 
Lolium species (Table 4.10.:)). The unbalanced experimental 
design resulted in too few degrees of freedom to allow for tests 
of interaction between the characteristics ploidy and growth habit. 
4.2.2 Pollen germination in vitro 
Most studies of pollen cultured in vitro have used the percentage 
of grains which germinated in a given time as an index of the 
viability of the pollen sample. However, in this study ó rL!ination 
was infrequent when pollen grains were widely spaced out but 
abi;nnaant in aggregates of pollen grains. This phenomenon has been 
108 
Table 4.9 















58.46 Hybrid. 51.26) 52.15 
53.51) ' 
Perennial 65.77 64.29 
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Table lß.10 
Analyses of Variance of pollen viabilit r, estimated by stainin_, 
with fluorescein diacetate: 
(i) between diploid and tetraploid F1 ryegrass families 
Item df 






(ii) between annual and non -annual F1 r;,,egrass families 
Item df 





(iii) between diploid annual, diploid non -annual and tetraploid. 
non - annual F1 ryegrass families 
Item df . n 
between categories 2 5L7.25 <0.001 
residual 167 68.74 
(iv) between diploid annual, diploid perennial, tetraploid 
biennial, tetraploid perennial and tetraploid interspecific 
hybrid F1 ryegrass families 
Item df ', S n` 
between categories tl 836.56 <0,001 
residual 165 5).93 
K e y: df degrees of freedom 
IS mean square 
p probability of obtaining variance ratio 
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termed the population effect (Brewbaker and Kwack, 1963). Despite 
these difficulties, it was decided that measuring pollen tube length 
achieved by germinated pollen grins in vitro would give an 
indication of the vigour of the pollen grains (where vigour is 
defined as the ability of a pollen grain to germinate and grow 
in vitro). 
For each plate, pollen tube length was measured for about 
thirty representative tubes. The diameter of the pollen grain 
producing the tube was also recorded. Germination was rapid, 
usually within one to two minutes of pollen being placed on the 
medium, with the maximum length being reached after one hour at 
room temperature. Bursting of grains was observed either before 
germination or shortly after the appearance of a tube from the germ 
pore. After two hours, tubes which had been formed began to burst 
and degenerate, possibly as a result of taking up water from the 
medium. Consequently, tube length was measured approximately one 
hour after pollen was spread on the culture medium. Occasionally 
branched tubes were observed, and rarely two tubes per pollen grain. 
The proportion of abnormalities was low in all families and was 
not recorded. 
Pollen germination was studied in both diploid and tetraplcid 
F1 families, which all had non -annual growth habits (Table 4.11). 
4.2.2.1 Pollen grain diameter 
The mean pollen grain diameter (,um) of each plant studied in 
each family is detailed in Appendix 1, Table 4. The mean pollen 
grain diameter of each family is illustrated in Fig. 4.16. r_ null 
hypothesis that pollen grains from diploid and tetraploid plants 
were the same size was tested using an Analysis of Variance (Table 4.12.i). 
111 
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Perennial LI Lp2 
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The results indicated that there was a highly significant difference 
in the mean size of pollen grains from diploid and tetraploid 
plants. There was no difference between the mean pollen grain 
diameter of the diploid and dihaploid pollen grains from the three 
tetraploid families (Table 1+.12.11). 
1+.2.2.2 Pollen tube length 
The mean pollen tube length produced by pollen grains in vitro 
for each plant studied is detailed in Appendix 1, Table 5. The 
mean pollen tube length for each family is illustrated in Fig. 4.17. 
Analyses of Variance were carried out to test the null hypothesis 
that the mean pollen tube length produced by pollen grains which 
germinated in vitro was the same for all four F1 families. The 
results of the Analysis of 7ariance of pollen tube length between 
diploid and tetraploid F1 ryegrass families showed that the difference 
in mean pollen tube length was significant at the 5; level (Table 
4.1 3.i). However, from the histogram (Fig. 4.17) of mean pollen 
tube length for each F1 family it can be seen that one of the tetraploid. 
F1 families, Lp2 (L. rerenne) produced pollen tubes less than half 
the length of those produced by the other tetraploid families, Lm4 
and P1111. The null hypothesis that there was no difference in 
mean pollen tube length between the three tetraploid F1 fa.rn i es 
was disproved (Table 1}.13.ii). The results indicated that the 
mean pollen tube lengths for the two perennial families, '1 ( diploid) 
and 12.32 (tetraploid) were very similar (Table 4.13.iii; Fig. 4.17). 
Despite the successful germination and growth in vitro of pollen 
from the above four F1 families, disappointing results were obtained 
with two additional families; L3xB1 (diploid, annual) and P172 
(the 
second tetraploid interspecific hybrid family). Flowering in the 
113 
Table 1.12 
Analyses of Variance of nahen grain diameter: 
(i) between diploid and tetraploid F1 ryegrass families 
Item if ms n 
between ploidies 1 678.85 < 0.001 
residual 39 13.05 
(ii) between tetraploid biennial, tetraploid perennial and 
tetraploid interspecific hybrid F1 families 
Item df ìrß 
between families 2 1.62 > 0.20 
residual 30 14.40 
day: df degrees of freedom 
LS mean square 
p probability of obtaining variance ratio 
Table 4.13 
Analyses of Variance of pollen tube lenTth: 
(i) between diploid and tetraploid F1 ryegrass families 
Item df MS D 
between ploidies 1 126701.70 0.05 -0,01 
residual 39 1931 3.12 
(ii) between tetraploid biennial, tetraploid perennial and 
tetraploid interspecific hybrid F1 ryegrass families 
Item df L ,2 
between families 2 164009.05 --z0.001 
residual 30 8232,78 
(iii) between diploid perennial and tetraploid perennial F1 
ryegrass families 
Item df 5 D 
between ploidies 1 1094 > 0020 
residual 17 10684079 
iiez : df degrees of freedom 
1S mean square 
p probability of obtaining variance ratio 
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family PPM was generally poor, only thirteen out of thirty -eight 
plants flowered. Of five plants tested only two produced pollen 
which germinated in vitro (Table 4.14). The mean pollen grain 
diameter was similar to that of other tetraploid plants (Fig. 4.16) 
and the average pollen tube length was approximately the same as 
previously observed for the other interspecific hybrid family, PPM 
(Fig. 4.17). Flowering in the diploid annual, L. rigidum, L3:81 
was excellent, with twenty -seven out of a maximum of twenty -nine 
plants being included in the diallel. Pollen from eleven plants 
in this family was tested for germination and growth in vitro: 
pollen grains from nine of these plants did not germinate and grow 
in vitro, while short tubes were produced by pollen grains from 
the remaining plants (Table 4.14). Again, average pollen grain 
diameter and tube length were similar to those of the other diploid 
family, MI 4.16 4.17) . 
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Table 4.14 
Mean -pollen gain diameter Wm) and pollen tube length Cm) 




mean (µm) SEM 
Pollen tube 
length 
mean Cum) SEM 
Number of 
observations 
PL:2 14 46.35 2.19 163.41 39.41 17 
21. 42.86 1.65 505.08 65.34. 24 
mean 44.31 1.77 3630 +1 173.33 41 
L3xR1 10 34.64 1.35 93.62 13.01 23 
17 33.60 0.66 104.11 15.30 24 
mean 34.11 0.52 98.98 5.27 47 
PM2 L. perenne x L. multiflorum tetraploid interspecific 
hybris. 
L3X31 L. ric.idum, diploid 




















M1 Lm4 Lp2 PMI 
Farn i I 











M l Lm4 Lp2 
PM 1 
Family 
Lean pollen tube length (4m) with 5 confidence 
limits for _cur 
F1 families. 
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Figures 4.16 and 4.17 
gay: M1 L. perenne, diploid 
Lm4 L. multiflorum,, tetraploid 
Lp2 L. perenne, tetraplcid 
FMI L. perenne x L. multif1orun, 
interspecific hybrid, tetraplcid 
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4.3 Anther and stigma length 
Anther and stigma length were measured for plants in six F1 
families, both diploid and tetraploid, over a range of growth 
habits (Table 4.15). 
4.3.1 Anther length 
The mean anther length for each plant used is detailed in 
Appendix 1, Table 6. The mean anther length for each family is 
illustrated in Fig. 4.18. Analyses of Variance were carried out 
to test the following null hypotheses that there was no difference 
in mean anther length between: 
(i) diploid and tetraploid F1 ryegrass families; 
(ii) annual and non - annual F1 ryegrass families; 
(iii) diploid annual, diploid non -annual and tetraploid non- 
annual F1 ryegrass families; and 
(iv) diploid annual, diploid perennial, tetraploid biennial, 
tetraploid perennial and tetraploid. interspecific hybrid 
F1 ryegrass families. 
The results showed that there were significant differences in 
mean anther length between diploid and tetraploid F1 families at 
the 5, level, between annual and non - annual F1 families at the 1; 
level and between diploid annual, diploid non -annual and tetraploid 
non - annual F1 families at the 1° level (Table 4..160i -iii). However, 
there were no differences in mean anther length between diploid 
annual, diploid perennial, tetraploid biennial, tetraploid perennial 
and tetraploid interspecific hybrid F1 ryegrass families (Table +.16.ív). 
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Table 4.15 














Frennial .:1 LID 2 
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Table 4.1 c 
Analyses of varian_ce of anther lenpth: 
(i) between diploid and tetraploid F1 ryegrass families 
Item of : 
P 
between ploidies 1 0.78 0.05 -0.01 
residual 41 0.11 
(ii) between annual and non -annual F1 ryegrass families 
Item df MS á 
between growth habits 
residual 
1 0.33 0.01-0,001 
41 0,11 
(iii) between diploid annual, diploid non -annual and tetraploid 




df BS n - - - 
2 0.50 0.05-0.01 
L;0 0.11 
(iv) between diploid annual, diploid perennial, tetraploid 
biennial, tetraploid perennial and tetraploid interspecific 







11 4: df degrees of freedom 
MS mean scuare 
p probability of obtaining variance ratio 
0.20 -0.05 
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4.3.2 Stigma length 
The mean stigma length for each plant from each family studied 
is detailed in Appendix 1, Table 7. The mean stigma length of 
each F1 family is illustrated in Fig. 4.19. 
Again, Analyses of Variance were carried out to test the following 
null hypotheses that there was no difference in mean stigma length 
between: 
(i) diploid and tetraploid F1 ryegrass families; 
(ii) annual and non - annual F1 ryegrass families; 
(iii) diploid annual, diploid non - annual and tetraploid non - 
annual F1 rye grass families; and 
(iv) diploid annual, diploid perennial, tetraploid biennial, 
tetraploid perennial and tetraploid interspecific hybrid 
F1 ryegrass families. 
The results showed that there was no significant difference 
in mean stigma length between annual and non - annual F1 families 
(Table 1..17.ii). However, there were hightly significant differences 
in mean stigma length (at the 0.15 level) between: diploid and 
tetraploid F1 families; diploid annual, diploid non- annual, and 
tetraploid non -annual F1 families; and diploid annual, diploid 
perennial, tetraploid biennial, tetraploid perennial and tetraploid 
interspecific hybrid F1 ryegrass families (Table 4.17.i,iii,iv)0 
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Table L.1 
Analyses of Variance of sti :,-ia length 
(i) between diploid and tetraploid F. ryegrass families 
Item df t p 
between ploidies 1 7.29 <0.001 
residual 41 0.30 
(ii) between annual and non -annual F1 ryegrass families 
df MS Item 
between growth habits 
residual 
1 1.00 0.20-0.05 
41 0.46 
(iii) between diploid annual, diploid non - annual and tetraploid 




df IS e 
2 3.97 <0.001 
40 0.29 
(iv) between diploid annual, diploid perennial, tetracloid 








!r. 2.1+7 <0oC01 
38 0.26 
I`: df degrees of freedom 
_3 mean souare 
















L3xB1 Ml Lm4 Lp2 PMl PM2 
Family 
:._ean anther length (mm) with 57" confidence c limits Tor six ?1 lathes. 
L3xB1 L. rigidum, diploid 
Ei1 L. nerenne, diplcid 
Lm4 L. multiflorum, tetraploi.d 
L2 L. perenr_e, tetraplcid 
1-"':171 ) L. perenne x L. multiflorum, 

















Fig. - . 4.1 9 
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L3x81 Ml Lm 4 Lp 2 PM l 
Family 
PM 2 
Lean stigma ienf .th ( mm) with confidence limits for six Fi 
families. 
ay: L3xB1 L. rigidua, diploid 
1i1 L. perenne, diploid 
Lmf.E. L. m.Qtiflortim, tetraploid 
Lp2 L. perenne, tetraplcid 
P1í1 ) L. perenne x L. multiflortm, 
PM2 ) interspecific hybrid, tetraplcid 
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404 Cytology 
Pollen mother cell meiosis was studied in two diploid and 
four tetraploid F 
1 
families in order to establish the chromosome 
number of the plants. In each family chromosome number of the 
plants studied corresponded to expectations (Table 4.18). Although 
meiosis was regular in all diploid plants, some irregularities 
(multivalents, univalents, micronuclei) were observed in pollen 
mother cell meiosis of the auto- and allotetraploid plants. 
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Table L.18 








L. rigidum L3x81 14. 
L, pe re nne M1 14 
diploid 
L. muîtiflorum Lm4 28 
E . perenne Lp2 28 tetraploid 








5.1 F families 
In each F1 family there was a complex pattern of cross -compatible, 
cross -incompatible and one way compatible reactions. Plants could 
not be arranged into groups which were both intra -incompatible and 
inter -compatible. In addition, all but one of the F1 families had 
more than sixteen different mating types (there were only thirteen 
plants in family PM2: Fig. 4.13) . 
Variation in individual pollen tube penetration in compatible 
crosses indicated gametophytic control of pollen behaviour. This 
phenomenon was observed in each F1 family studied. Sporophytic 
control of pollen behaviour would have resulted in a uniform pollen 
reaction. Gametophytic pollen determination has been found to 
be widespread in self- incompatible grasses and has previously been 
reported for L. perenne (Hayward and Wright, 1971; Spoor, 1976; 
Cornish et al., 1979a). 
Self -compatible plants were observed in all F1 families, but 
there was no difference in the overall proportion of self -compatible 
plants in diploid and tetraploid F1 families (Appendix 1, Table 1). 
Thus, there was no evidence for a breakdown of the self -incompatibility 
system in tetraploid plants. The number of seeds set when flowering 
plants were bagged singly was low (maximum of twelve, family ED3: 
Table 1..2). If seed set had been used as the criterion of a 
compatible or incompatible reaction instead of pollen tube growth 
the numbers of seeds set would have been low enough for 
the reactions 
to have been classifiea as self- incompatible. As there did- not 
appear to be any correlation between seed set in vivo and 
pollen 
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tube growth through self- stigmas ink o it would appear that the 
self -incompatibility mechanism in Lo?ium species is weak and can be 
influenced by the environment. Variation in the efficiency of the 
self- incompatibility mechanism of L. perenne has previously been 
reported by Foster and Wright (1971) and Spoor (1976) . Foster 
and Wright (1971) concluded that self -compatibility in L. perenne 
was the result of a genotype x environment interaction. However, 
there were no indications that "self -compatible" plants in this 
study had heterozygosity values of the same order or even the 
same sign (negative or positive) and in the thirteen F1 families 
studied "self -compatible" plants did not appear to have similar 
S -locus genotypes. Thus, although self -compatibility was influenced 
by the environment, no genotype x environment interaction was 
demonstrated. 
Incompatibility in the Gramineae has generally been shown to 
be controlled by two multiallelic loci, S and Z, with pollen behaviour 
determined gametophytically. The alleles of the two loci were 
shown to act independently in the style and an incompatible reaction 
only occurred when all the alleles present in the pollen grain were 
matched in the style (section 2.1.6.2). Therefore, a two locus 
system of this kind would result in a.maxà.mum of sixteen different 
mating types in an F1 progeny when the parents had no alleles in 
common. A three locus control of incompatibility would result in 
64 different mating types in an F1 progeny if no alleles were shared 
by the parents and four locus control could produce 256 mating types 
in an F1 progeny under similar conditions. Thus, the results 
obtained in thirteen F families (Figs. 4.1 to 141 3) can be interpreted 
in terms of at least three loci controlling -.:compatibility in the 
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seven diploid F1 families and perhaps six loci controlling 
incompatibility in the tetraploid F1 families. 
The conventional method for the analysis of data from diallel 
crosses has involved the number of mating types and the preporti:n 
of compatible and incompatible crosses. As the number of mating 
types observed indicated at least three loci controlling the 
incompatibility system, the observed and expected proportions of 
cross -compatible and cross -incompatible reactions in diploid F1 
families were compared (Table 4.3 cf Table 5.1), by using 
tests and the results are presented in Table 5.2. Because more 
than eighteen mating types were observed in all but one of the 
diploid F1 families (n3) and each family had a high proportion of 
cross -incompatible reactions, the observed results (Table 4.3) 
were compared to the theoretical values 96.2 + and 3.8 - (Table 
5.1) . As family D3 (L. multiflorum) had only seventeen mating 
types the observed proportions of compatible and incompatible 
reactions (Table 4.3) were compared to the theoretical values 
92.E + and 7.;` -. The results of the ñ.2 tests (Table 5.2) 
demonstrated that two of the-diploid F1 families, L3xB1 (L. ris-idum, 
annual) and M1 (L. nerenne, perennial) which displayed high frequencies 
of cross -compatible reactions could have been the result of crosses 
between parent plants sharing four alleles and having a three locus 
control of their incompatibility systems. However, as the plants 
used to produce these F1 families were from different populations 
(L3x31) or different experimental lines (M1) it seems unlikely 
that they would have had four alleles in common. It was interesting 
to note, in this context, that the proportion of cross -compatible 
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Prc-orfl.ons of cross-compatibly ana cress-i.nco*:atible reactions 
expected in rrametonhytic self-incempatitility s7ste ms controlled. 
-ay 1, 2 or 3 lcci 
No. of loci 










1 0 100 4 100 0 
1 50 2 100 0 
2 0 100 16 100 0 
1 100 16 96.7 3.3 
2 75 12 9309 6.1 
3 50 6 86.7 13.3 
3 0 100 64 1C0 0 
1 100 64 100 0 
2 100 64 99.8 0.2 
3 87.5 56 98.4 1.6 
4 75 36 96.2 3.8 
5 50 18 92.2 7.8 
Ley: + cross -compatible reactions 
- cress-incompatible reactions 
NB: incompatible reaction occurs when all alleles in pollen 
and pistil are matched. 
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Table 5.2 
Comparison of observed and ex ected proportions of cross -co ^atible 
and cross- incoratible reactions for each diploid 
F1 
family 
Family 7,2 probability 
L. rigidum 
58.31 c0.001 35x08 
01x02 129.96 <z0.001 
L3x31 0.70 0.50-0.30 
L. nultiflorum 
183.50 <0.001 ._,D 1 
ED2 196.48 z0.001 
ED3 131.91 -4=-0.001 
L. perenne 
2.80 0.10 -0.05 
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reactions in family 01x02 was lower than in the two other L. rigidum 
Fl families (B5x08 and L3xB1) (Table 4.3). The family 01x02 was 
the result of crossing plants from the same population, which might 
have had alleles in common. There were also low levels of cross - 
compatibility in the three L. mu1tiflorum families which had been 
produced as a result of crossing plants from commercial varieties. 
This may indicate that some S- alleles have been uncorscioi.,_ly 
selected by plant breeders. This coula have been brought about 
if the S -locus was linked to a desirable agronomic characteristic 
and many of the plants selected for this character had the same 
3-alleles. 
A self -incompatibility system in which all the alleles in 
pollen and pistil, irrespective of the number of loci, have to be 
matched to produce an incompatible reaction cannot explain the 
occurrence of reciprocally incompatible plants, unless they have 
the same mating type. The occurrence in all the F1 families of 
reciprocally incompatible plants which did not have the same mating 
types indicated that not all alleles present in pollen had to be 
matched in the pistil to cause an incompatible reaction. For 
example, the system proposed by ¢sterbye et al. (1980) can explain 
the phenomenon of plants with different genotypes being reciprocally 
incompatible. 
In section 4.1 the proportions of paired reactions observed 
in the diploid 
F. 
families were compared using a ñ,2 test, with 
those produced as a result of one parental combination of S and Z 
alleles (Table 4.4). Therefore, in order to extend this analysis, 
proportions of paired reactions were calculated based on one female 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































genotypes had differing number of alleles in common which resulted 
in differing proportions of reciprocally compatible, reciprocally 
incompatible and one way compatible reactions in the progeny (Table 
5.5). The expected and observed proportions of paired reactions 
in the seven diploid families were compared using 
2 
tests, 
taking into account the number of mating types and the proportion 
of reciprocally compatible crosses observed (Table 4.4 cf Table 5.3). 
2 
The results of the x tests carried out are presented in Table 5.4 
and show that in only one family, ED2 (L. multiflorum) did the 
observed proportions of the three types of reaction agree with 
expectations. Therefore, the F1 family ED2 may have been the result 
of a cross between two plants which had three alleles in common 
(s 
t 12St t 34zab x S' 16Sí 
e ). The parents of ED2 were 
plants from commercial varieties of L. multiflorum, which due to 
inbreeding, may have resulted in a reduction in the number of alleles 
present in a population. The additional paired analysis which 
was made assuming reciprocal crosses to be identical (Table 4.5) 
was not used in comparisons with the theoretical proportions of 
paired reactions presented in Table 5.3. This was because each 
family displayed a different proportion of one way compatible reactions 
and this had not been allowed for when the paired analysis with 
reciprocals filled in was carried out. It is impossible to tell 
whether the proportions of one way compatible reactions observed 
(Table 4.4) were a true indication of the frequency of this type 
of reaction in the F1 family as a whole. 
In general, it appeared that the observed proportions of one 
way compatible reactions were too high compared to the expected 
proportions, and that the observed proportions of reciprocally 
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incompatible reactions were too low compared to expected proportions, 
2 
thus resulting in the high X values obtained (Table 5.4). Therefore, 
this may indicate that certain combinations of alleles in the pollen 
grain may be able to overcome the self -incompatibility system and 
effect fertilisation when, in theory, they should be incompatible. 
The proportion of cross -incompatibility has been shown to be higher 
in a species where an incompatible reaction can occur when only some 
of the alleles present in the pollen are matched in the style (Tables 
5.1 cf 5.3). Therefore, any factors which over -ride the incompatibility 
system would result in an increased frequency of cross -compatibility 
in the population. 
In species having multilocus garrtophytic self- incompatibility 
systems, the analysis of data produced by crossing full -sibs in 
diallel arrays has previously been based on the number of levels 
of one way compatibility observed. Therefore, this method of analysis 
appears to be unsuitable for use with the data obtained in this study 
since Larsen (1977a) and fsterbye (1975) postulated that all alleles 
must be matched in pollen and style to produce an incompatible 
reaction. In Ranunculis acris and Beta vulgaris the number of 
levels of one way compatibility present were equated with the number 
of heterozygous S -loci present (section 2.1.6.4). Therefore, certain 
genotypes, in accordance with their degree of S -locus heterasygosity 
may be ordered into a hierarchy where each member of one level is 
able to fertilise all members of lower levels, but only sore, if 
any, at higher levels (Larsen, 1977a). Examples of plants which 
were one way compatible were observed in all the F1 families, and, 
in addition, most F1 families (except L3xB1 , ED2, Lp1 and 1:1) also 
contained exazples cf plants which showed a hierarchy of one way 
Ip 
Table 5.+ 
Comparison of observed and theoretical proportions of reciprocallir 
compatible, reciprocally incompatible and one way compatible 
reactions, for each diploid F1 family 
Family probability 
L. rig.idum 
B5x08 10.80 0.01-0.001 
01x02 15.58 <00001 
L3xB1 7.97 0.02-0.01 
L. multi ̀_'forum 
ED1 11 060 0.01 -0.001 
ED2 1.13 0.70 -0.50 
ED3 6'.34 0,05 -0.02 
L. perenne 
M1 6.67 0.05 -0.02 
173: ED1 and ED3 cannot be compared to genotype xi (Table 5.3) 
as more than twelve different mating types were observed 
in these families. 
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Examples of niants disblaying expected and aberrant one way 
compatible reactions in each F1 f ilv ' 
Family 
Species Ploid7 A C 
Type of one way compatible 
reaction 
C A C Figure 
L. rigiaum 2x Plants Plants Plants Plants 
B5x08 2,16,12 28,27, 1 1,30,19 31,27,17 401 
01x02 23, 8,15 22, 8,34 26,33,32 8,34, 4 ' -.2 
L3x141 - - 7, 1,21 - 4.3 
L. multiflo~ua 
SD1 2x 21,20,32 21, 5,22 27,32,22 31F, 32,14 40/1. 
ED2 - - 17,39,29 - 4.5 
ED3 14,31,24 14,31, 7 1,22,20 1,22, 6 406 
Lm3 Lx 6, 8, 5 6, 8,30 22,1!4, 23 14, 25, 5 ?.7 
Lm4 10, 5, 1 50, 5,31 8,12,23 31,17,20 h.r, 
L. berenne 
M1 2x 7,1 3, 5 7, 5,30 29,20,36 49 
Lp1 4Y - - - - 4010 
Lp2 28,11,14 7,11,14 14,22,37 13,37,27 4.11 
(a) (b) 




PMI - 36,13,14 31,26,20 - 4.12 
P;.12 16, 5,24 - 5,24, 6 - 4013 
A -a C A E-- C J J 
a a a a 
A BC A B C A B C tl D C 
r. - - - + _ - - + -- - - a - - - 
`í + 
p,,.,_ 
- - T _ - - t0.B + - - 43 + - 
V + + - V - + - lJ + + - C - + 
expected 
aberrant 
- no examples of this type of reaction aere found. 
11}0 
compatibilities (Table 5.5). Thus, plant A was able to fertilise 
plant B and plant C but plant B could only fertilize plant C and 
plant C could not fertilise either plant A or plant B. 
A B C 
A 
B 
C + + 
where + = compatible 
and - = incompatible 
The four F 
1 
families (Table 5.5) which did not include plants which 
displayed a hierarchy of one way compatible reactions included many 
blanks where crosses had not been performed. It is likely that 
if more pollinations had been performed that hierarchies of one way 
compatible plants vrould have been found. It 77.E -, therefore, 
interesting that during a study of the genetic control of self - 
incompatibility in tetraplcid Secale cereale, Ltndgvist (1957) 
postulated that if A, B and C were plants in the diallel and A 
was compatible as a pollinator on B and B was compatible as a 
pollinator on C, it followed that A would also be compatible as a 





A (iii) 1...¡ 
As A--->C (arrow indicates direction of compatible 
the expected reaction the occurrence of any of the 
C compatible as pollinator of A; 
reciprocally compatible; 
reciprocally incompatible would indicate that 
not all alleles have to be matched in pollen and pistil to produce 
an incompatible reaction. Observation of A.E --C, AHC and A....0 
reactions provided additional evidence that in tetraploid S. cereale 
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not all alleles in pollen and pistil had to be matched to produce 
an incompatible reaction. All the F1 families (except Lpl in 
which only one quarter of the possible crosses had been performed) 
contained examples of plants displaying aberrant one way compatible 
reactions (Table 5.5). Even the F1 families which did not contain 
plants having a hierarchy of one way compatible reactions had plants 
which displayed aberrant one Tray compatible reaction types. Therefore, 
the observation of three levels of one way compatibility in 
conjunction with aberrant types of one way compatibility in both 
diploid and tetraploid F1 families (Table 5.5) provides further 
evidence in support of the hypothesis that not all alleles in pollen 
and style have to be matched to produce an incompatible reaction in 
Lolium species. 
One diploid F1 family, B5x08 (L. riri.dum) (Fig. 4.1) was examined 
in detail in order to estimate the frequency of expected and aberrant 
one way compatible reactions. In the (expected) reaction 
the plants A, B and C should have different numbers of heterozygous 
S -loci (,sterbye, 1975; Larsen, 1977a), and the assigned heterozygosity 
values were predicted to reflect this arrangement. Conversely, 
plants involved in aberrant one way compatible reactions could be 
expected to display non- linear heterozygosity values. The results 
obtained broadly agreed with expectations: 5O of the expected 
reactions produced plants which had linear heterozygosity 
values and 85. TL of the plants with aberrant reactions had non- 
linear heterozygosity values (Table 5.6). Overall, the ratio of 
expected : aberrant type reactions was 1 : 7. Conversely, chosing 
three plants at random with different heterozygosity values did not 
mean that they would. ¿i_3play a hierarchy of one way compatibility. 
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Table 5.6 
Freeuencj and examples of plants fror fancily B5x08 (L. rigidurm, diploid) having expected and aberrant one way compatible reactions, with corresponding heterozygosity values 
Type of 
reaction 
No. groups plants 
with linear H.V. 
?o. group plants total no° 
non- linear H.V. groups plants 
A C 
A B C 
- - + 
B + - 
C - + 
2 2 
Plant H .V. Plant H.V. 
2 -23.5 18 0 
16 - 7.0 2 -23.5 






A H C 2 22 
CT 
A B C Plant H.V. Plant ?.T. 
A - - + 1 -15.0 16 - 7.0 
Q B + 30 506 21 -12.3 
C + + 19 8.3 13 10.4 
A r r 2 
cr 
^ B C Plant H.V. 
A - - - 31 - 6.2 
°B + - - 27 94 
C - + - 17 18.3 
o 
21, 28 
Key: H.V. Heterozygosity Value 
1t+3 
For example, plants 38, 11 and 13 (B5x08) had heterozygosity values 
of -24.9, 3.3* and 10.1 respectively and were all cross -compatible. 
Table 5.6 showed that the plants 31 and 17 (family B5x08) which 
were reciprocally incompatible had opposing heterozygosity values 
( -6.2 and 18.8 respectively), additional confirmation that they had 
different genotypes. Further investigation of all the reciprocally 
incompatible plants in family B5x08 (Table 5.7) again revealed 
differing heterozygosity values such that one plant had mainly 
heterozygous S -loci, the other mainly homozygous S -loci. The 
investigation of heterozygosity values of reciprocally incompatible 
plants was extended to cover all seven diploid F1 families. Six 
possible classes for the pairing of heterozygosity values were 
considered: negative /negative, positive /positive, zero /zero, 
negative /positive, negative /zero and positive /zero (Table 5.8). 
The ratio of "like" to "unlike" pairings was 1 : 2.5 and the 
commonest individual type of pairing was negative /positive (41.15: 
Table 5.8). However, despite "like" pairings of negative /negative, 
positive /positive and zero /zero none of the plants involved had 
identical genotypes. 
When the plants from the F family B5x08 (Fig. 4.1) were arranged 
in order of increasing heterozygosity value (most negative to most 
positive) (Fig. 4.15) there were six examples of the reaction 
heterozygous (het) d' x homozygous (hom) being incompatible, while 
the reciprocal cross (hom d' x het +o ) was compatible. It is 
difficult to explain this unexpected phenomenon using either a 
conventional multilocus system, in which all alleles must be matched 
to produce an incompatible reaction (Table 5.9) or on the novel 
system proposed by ,sterbye et al. (1980) (Table 5.9). The theoretical 
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Table 507 
Pairs of reciprocally incompatible plants from family B5x08 
(L. rig_aum, diploid with corresponding heterozygosity values 

















Heterozygosity value expected to be zero, as plant __.. 






six different types 
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Qsz`1° eac lanatons at t'r_e eno+ve 1°vl for results of crossa 
betTeen plant havin neteroz,:-pus and ho. > oz, :_.ous S-loci 
Description Conventional system Sa,Sb,Sc Novel system S'S"Z 
of S-loci (Lundavist et al., 1973) (6sterbye et al., 1930) 
d, + Om 
genotype genotype genotype genotype 
i) o"and ° 
; Sa,Sb,Sc 
heterozygous 
Sa,Sb,Sc S'S"Z S'S"Z 
++ 34,34,34 12,12,12 12j34,ab 56,78,cd -H- j 12,12,12 12',12,12 12,34,ab 12,78,ab 
+H- * 
11) d' and 
homozygous 









+H - + 
- 
iii) d' heterozygous 
.? homozygous 
+H+ 
-H- * 11,34,ab 12 724 















7. 12,34,ab 11,34,ab 
° +H- + 
12,12,12 11,11,12 12,34,ab 12,32+,aa 
Sa,Sb,Sc 
incompatible reaction: 
when all alleles in pollen 
and pistil are matched 
it cor)atible reaction: 
when one S and one Z allele 
in pollen are matched in pistil 
Kam: * this type of reaction cannot be explained by the system 
under consideration° 
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crosses presented in Table 5.9 illustrate that plants having only 
heterozygous S -loci should not be one way compatible with each 
other. Of the plants in family B5x08 which had negative heterozygosity 
values, five were completely cross -compatible (Plants 1, 2, 7, 26, 
38: Fig. ¿.15). However, these plants displayed four examples 
of the het d' x hom incompatible (reciprocal cross being compatible) 
reactions. It is possible that these het a' x hom + and hom a x 
het crosses with unusual results were due to misclassification of 
the pollen reaction on the stigma. The technique used, of observing 
pollen tube growth by means of fluorescence gives a more accurate 
and immediate test of cross -compatibility or cross -incompatibility 
than seed set which may be influenced by many factors. Therefore, 
misclassification of pollen reactions seems unlikely. It is 
probably that the calculated heterozygosity value does not give an 
accurate reflection of the heterozygosity of the S -loci of a plant, 
especially where the male and female arrays are incomplete. 
Despite the ability of the novel system proposed by ,Ósterbye 
et al. (1980) to provide an explanation for the phenomenon of 
reciprocally incompatible plants having different mating types 
it cannot explain one way compatibility at more than two levels. 
One way compatibility depends on homozygosity of S -loci but as 
incompatibility was postulated to occur when one S and one Z allele 
were matched in pollen and pistil the alleles of the S and Z loci cannot 
be homozygous in the same plant. Therefore, a family could, in 
theory, contain the genotypes S'11 S" 33Zac, S' 115' 
7 
31+Zac 
and S 1165 
1 7 37Zaa 
(parents: S' 
12S" 
Zab ° x S' 16S" 3-ace) but would not contain 
the genotypes S' 11S" 33Z or S' 11S" 37Z as 
as the pollen grains 
aa 
S' 1S " 3Za and S'1S " 
7Za 
would be incompatible (one S and one Z allele 
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matched). 
The results obtained in the diallsl crossed of diploid L. rigi.um. 
L. mu.tiflorwm and L. perenne indicate a mu'tilocus (three or more) 
control of the incompatibility system, with gametophytio determination 
of pollen behaviour where not all alleles in pollen and pistil have 
to be matched to produce an incompatible reaction. One way 
compatibility can be explained by parent plants having alleles in 
common. 
Two previous studies on self -incompatibility in L. perenne 
have produced similar results. Although Hayward and Wright (1971) 
dia not observe more than sixteen mating types they did observe 
reciprocally incompatible plants having different mating types in 
three F1 families studied. In contrast, Spoor (1976) observed 28 
different mating types and a high proportion of reciprocal incompatibility 
(165: ,6terbye et al., 1980). In addition, the data presented by 
Hayward and Wright (1971) and Spoor (1976) showed hierarchies of 
one way compatible plants (three levels) and aberrant one way 
compatible hierarchies. Three locus control of the gametophytic 
incompatibility system has been postulated for Briza seicata (Murray, 
1979) although two locus control has been demonstrated in B. media 
(Lurray, 197+). An F1 family of B. snicata had more than sixteen 
mating types, but in contrast to the Lolium results the proportion 
of cross- compatibility vas high and plants which were cross- incompatible 
usually had the same mating types. Therefore, a multilocus system 
similar to Beta vulgaris and Ranunculis acris where S -loci cooperate 
to form specificities which must be matched to produce 
an incompatible 
reaction seems to be operating in B. spicata. 
The genetic basis of self -incompatibility is usually 
similar 
in closely related groups but exceptions have been found 
in the 
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Solanaceae (Pandey, 1957; 1962a), Boraginaceae (Crowe, 1971 ; Varoupol os, 
1979) and C arjop hyllaceae (Lundqvist, 1979) . Thus, Cornish et al. 
(1979a) considered that the genetic basis of self-incompatibility 
i.n L. perenne was likely to be the same as that demonstrated for 
Festuca pratensis to which it is related. Lundqvist (1955; 1961a) 
demonstrated a two -locus control of the self -incompatibility system 
of F. pratensis with gametophytic determination of pollen behaviour, 
in which all alleles present in the pollen grain had to be matched 
in the pistil to produce an incompatible reaction (section 2.1.6.2). 
In order to demonstrate two locus control of the incompatibility 
system the proportion of compatible pollen was assessed visually 
by Cornish et al. (1979a) into four classes: 05, 505, 755 and 100; 
compatible and in no instances were pollen grains counted. Other 
workers who have presented results as percentage pollen grains 
compatible have always counted the pollen grains and in doing so 
have observed less than the maximum percentage of compatible pollen 
grains expected in crosses between plants of known genotype (Hayman, 
1956; Lundqvist, 1961a). For example, Hayman (1956) and Lundqvist 
(1961a) both observed less than 505 compatible pollen grains in crosses 
expected to be half compatible (Table 5.10) and less than 75` 
compatible grains in crosses expected to be three- quarters compatible 
(Table 5.10). In a cross expected to be fully compatible, Lundqvist 
observed twice as many compatible as incompatible pollen grains 
(Table 5.10). Therefore, relying on percentage compatible pollen 
could lead to confusion. In addition, if a gametophytic self - 
incompatibility system was controlled by three, not two, loci and 
all alleles had to be matched to produce an incompatible reaction 
the percentage compatible pollen could be 25, 5Z, 75``, 87.5,- or 100` 
150 
Table 5 010 
Ratios of compatible : incompatible pollen grains expected in the-or: , 
and observed in practice 
Expected ratio Observed ratio Reference 
1 : 1 0.58 -1.10 : 1 Hayman, 1956 
0.67 : 1 Lundgvist, 1961a 
3 : 1 2,1 -2.5 : 1 Hayman, 1956 
1.3 : 1 Lundqvist, 1961a 





(Table 5.1). : lternatively, when only two alleles (one S and one z) 
have to be matched to produce an incompatible reaction, as in the 
system proposed by Osterbye et al. (1980) the percentage compatible 
pollen could be 05, 255, 505, 62.55, 755 or 1005 (Table 5.3) 
Cornish et al. (1979a) admit to misclassifying nine percent of the 
pollinations they observed, confusion arising between 50 ana 75,5 
compatible classes. Therefore, if either of the alternative systems 
proposed above controlled the incompatibility system in L. perenne 
it would be unlikely to be detected by visual assessment of the 
pollen reaction: if there was confusion between 50 and. 755 there 
would be further confusion between 50, 62.5 and 75, or 75 and 87.5 
compatible classes. 
Weimarck (1968) studied self -incompatibility in the Gramineae 
and divided pollen reactions into 05, 255, 505, ?5'¡, and 100;5 
compatible classes. Significantly, a proportion of 25;? compatible 
pollen cannot be explained by the two locus system proposed by 
Lundquist (195+; 1955; 1956; 1961a) and Hayman (1956) but it can be 
explained by the system proposed by,Ssterbye et al. (1980). 
In conclusion, the results presented by Cornish et al. (1979a) 
seem to point to a two locus control of the self -incompatibility 
system in L. pe renne while the majority of the research on the 
genetic control of self-incompatibility in L. cerenne indicates a 
multilocus control (Weimarck, 1968; Hayward and Wright, 1971; 
Spoor, 1976). This study fully supports the ideas presented by 
Spoor (1976) for a three locus control of the incompatibility system, 
not only in erenne but also in L. ri,gidu.m and L. ÿ ltiflorum. 
Evidence presented in this study ana by others (loc. cit.) indicates 
that not all the alleles in pollen and pistil have to be matched 
to produce an incompatible reaction but the presence of modifiers 
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may act to overcome the incompatibility system to ensure fertilisation 
when the level of cross -compatibility is low in a population (perhaps 
in a similar manner to the polygenic systems discovered in Boraco 
officinalis (Crowe, 1971) and ir:vosotis scoroiodies (Varoupolos, 1979 )). 
It has been suggested (Lundquist et al., 1973; Lundgvist, 1975) 
that inbreeding of experimental material, especially grasses, has led 
to the true number of S -loci present in a species being under- 
estimated. Results obtained in this study and by Hayward and Wright 
(1971), Spoor (1976) and Murray (1979) indicate that the two locus 
self -incompatibility system is not universal within the Gramineae. 
Whether the multilocus system postulated for the genetical control 
of self- incompatibility in Lolium species will eventually be found 
to be universal within the Gramineae cannot be answered but must 
surely stimulate further investigation. 
In order to investigate further the number of loci involved 
in the genetic control of self -incompatibility in Lolium species, 
selfing of plants in order to fix alleles is advocated. Although 
self -incompatible, some plants were observed to set seed when single 
flowering heads were bagged (Table 4.2). To start with two plants, 
A and B, would be crossed to produce an F1 (which would be utilised 
in a diallel). At the same time the plants A and B would be selfed 
(Fig. 5.1). Any seed produced would be sown and two of the resulting 
plants (A', B') would then be crossed to produce a second F1 
The F1' plants would then be crossed in a diallel array and the 
results compared to those from the F1 diallel (Fig. 5.1). If any 
of the loci had become homozygous for the alleles carried in either 
of the plants A' or B', then the number of mating types in the 
F1' 
diallel would be reduced when compared to the number in the F1 diallel 
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(as the homozygous locus would not segregate). The possibility 
of selfing the plants A' and B' and producing fertile plants would 
be remote, but if achieved the resulting plants A" and B" and their 
progeny, Fi", would provide valuable information if the number of 
mating types was further reduced in comparison with the F1 and F1' 
diallels (Fig. 5.1). 
Although the petri dish technique (Lundgvist, 1961b) is a very 
efficient method of crossing plants, a means of storing Gramineae 
pollen without loss of viability would enhance in vitro pollination 
by reducing between plate variance within a single male array an_d 
ensuring pollen from early flowering plants was available for 
pollination of later stigmas. 
154. 
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5.2 Pollen viability 
Tests for pollen viability were used as a means of detecting 
male sterile plants and plants which produced a small amount of 
pollen, in order to exclude them from the diallel crosses. Plants 
which produced a limited quantity of pollen were not used as 
numerous flowering heads were required to collect sufficient pollen 
for each male array and this process tended to be wasteful of stigmas. 
Male sterility was commonly found in the upper and lower florets 
of the L. rigidum F1 families, but was not generally a serious problem. 
The estimates of pollen viability from staining in fluorescein. 
aiacetate (Heslop- Harrison and Heslop-Harrison, 1970) ranged from 
51 (tetraploid, interspecific hybrid) to 66¡ (diploid, perennial 
F1 family) ( fiable 4.9). While there was no significant difference 
in mean pollen viability between diploid and tetraploid F1 families 
and between annual and non -annual F1 families, there was a highly 
significant difference in mean pollen viability between diploid 
annual, diploid non - annual and tetraploid non -annual P1 families 
(Table L.10.i,ii,iii). In addition, there was a highly significant 
difference in mean pollen viability between different Lolium species 
(Table 4.10,1v). Hayward i  Manthiratna and :- is °r^ard (1975) also observed a 
difference in mean pollen viability between different Lolium species, 
when pollen grains were stained with nitroblue tetrazolii m. 
However, '. :anthiratna and Hayward (1975) found that wit hin the cutbreedi ng 
species studied, L. multifloruu had a significantly higher pollen 
viability than L. nerenne. In direct contrast, results obtained 
in this study indicated that L. uerenne (both diploid and tetraploid 
F1 families) had a higher mean pollen viability than L. multiflcrum 
and an annual outbreeding species, L. riediun (Tables 4+.9, 4.10,iv). 
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The estimates of pollen viability obtained in the two separate studies 
for diploid L. perenne F1 families by staining with fluorescein 
diacetate (65.775: Table 4.9) and nitroblue tetrazolium (67.4: 
Manthiratna and Hayward, 1973) were similar. 
Pollen stainability could not be used as a basis to predict 
the amount of pollen tube growth in vitro because pollen from two 
F1 families L37B1 (diploid, annual) and PM2 (tetraploid, interspecific 
hybrid) did not always germinate and grow in vitro. For example, 
the mean pollen viability (estimated by staining with fluorescein 
diacetate) of the two L3xB1 plants which germinated and grew in vitro 
was 57.0%, and the mean pollen stainability of the nine plants which 
did not germinate and grow in vitro was 56.75. Similarly, for the F1 
family PM2, the mean pollen stainability of plants which successfully 
germinated and grew in vitro was 51.0; and the mean pollen stainability 
of plants which did not germinate and grow in vitro was 53.75. The 
measurements of pollen tube length for the four F1 families (Table 1+,11) 
in which all plants tested germinated in vitro were all made using 
the same culture medium. There have been indications that a 
medium which supports the highest percentage germination also 
allows the production of the longest tubes for Secale cereale 
( Pfahler, 1965) Zea mays (Pfahler, 1967) and Avena byzantina 
C. Koch (Wallace and Karbassi, 1968). Therefore, the medium 
used may not have resulted in maximum germination for the two 
perennial F1 families M1 (diploid) and Lp2 (tetraploid), which 
produced tubes half the length of those produced by the F1 families 
LmL. and FM1 (Fig. 1+.17). Thus, it would appear that pollen tube 
length may be related to the amount of energy expended during 
germination such that longer tubes were produced when germination 
required little energy. Tube lengths produced by culturing Zea mays 
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pollen grains in vitro have been shown to be dependent on the 
genotype of the plant producing the pollen grains (Ffahler and 
Linskens, 1973). This may indicate that adjustments in the culture 
medium would have resulted in longer tubes being produced when 
pollen grains from the perennial F1 families Ml and Lp2 were cultured 
in vitro. 
One of the F1 families which produced pollen that did not 
germinate and grow successfully in vitro was an annual (L. rigidum) 
Although there have been previous reports of the successful in vitro 
germination and growth of pollen grains of L. perenne (Ahloowalia, 
1973; Manthiratna and Hayward, 1973; Shivanna and Heslop -Harrison, 
1978) and L. multiflorum (Ahlocwalia, 1973; Manthiratna and Hayward, 
1973), there have been no reports on the success or failure to culture 
L. rigidum pollen in vitro. It was reported by Manthiratna and 
Hayward (1973) that pollen from annual, inbreeding species (L. remctum 
and L. temulentum) did not germinate on media suitable for the 
in vitro culture of pollen from outbreeding Lclium species. This 
may indicate that the differences in pollen characteristics in 
relation to "in vitro germination" and growth are greater between 
annual and non - annual than between self -compatible and self -incompatible 
species. 
The maximum tube lengths achieved by pollen of various grass 
species when cultured in vitro would not have been sufficient to 
effect fertilisation in vivo (Table 5.11). Unfortunately, Ahloowalia 
(1973) did not differentiate in the results presented between tube 
lengths produced by L. perenne, L. multiflox m and their interspecific 
hybrid. However, the maximum pollen tube lengths measured for haploid 




?_`axinum tube length Oum) achieved by pollen e different is 
species when cultured in vitro 
Species Maximum pollen 
tube length (um) 
Reference 
Avena byzantina 150 :7allace and Karbassi, 
C. Koch 1968 
Zea nays 
Secale cereale 
405 Pfahler, 1965 
350 Shivanna and Heslop- 
Harrison, 1973 
Pennisetum typhoideum >14,000 Vasil, 1960 
Lolium (diploid spp.) 372 Ahloowalia, 1973 
(tetraploid spp.) 420 
L. perenne (2x) 720 Plant 23 
M1 
Lo p eree nne (4x) 511 Plant 20 
Lp2 
L. multif7.orum (4x) 1 , 381+ Plant 30 
L.T 
L. perenne x 1,350 Plant 23 




those observed by Ahloowalia (1973) (Table 5.11). This difference 
may have been the result of the use of plants having-different 
genotypes and the use of different culture media (liquid: Ahlocwalia, 
1973; semi- solid: this study). Although occasional tube lengths 
or more than 1 ,OCOìum were recorded, these were rare; only one 
or two tubes for each plant grew to this length. Even the maximum 
tube lengths recorded in vitro would not have been sufficient to 
have achieved fertilisation in vivo. However, in view of the 
difference in conditions for germination between a culture medium 
and a stigma the maximum tube lengths achieved in vitro could not 
be expected to equal those required to effect fertilisation in vivo. 
In addition, any stimuli which, in vivo, enhance or encourage 
germination were unlikely to have been reproduced in vitro. 
In conclusion, pollen stainability in fluorescein diacetate 
was found to provide a more rapid and reliable assessment of pollen 
viability than in vitro germination studies. 
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5.3 Anther and stigma length 
Although there was no significant difference in mean anther 
size there was a highly significant difference in mean stigma size 
between the Lolium species studied (Tables 4.16.iv, and 4.17.iv). 
In general, families which had smaller anthers also had smaller 
stigmas (Table 5.12). In addition, the size of the anthers and 
stigmas appeared to be related to the size of the florets from which 
they were extracted. The largest anthers and stigmas were fourd 
in the tetraploid L. multiflorum F1 family, Lm4, while the smallest 
anthers and stigmas came from the diploid F1 families. The tetraploid 
interspecific hybrids had anthers which were smaller than the anthers 
of the two parental species, but the stigmas were of an intermediate 
size between those of L. perenne and L. multiflorum (Figs. 4.18 
and 4.19). 
Two of the F1 families, M1 (L. nerenne,, diploid) and Lp2 
(L. perenne, tetraploid) had mean anther lengths which were greater 
than the corresponding mean stigma lengths (Table 5.12). In addition, 
the F1 families M1 and Lp2 displayed higher proportions of self - 
compatible plants than the families in which mean anther length 
was less than the corresponding mean stigma length (Appendix 1, 
Table 1; Table 5.2). Thus, a tendency towards self -pollination 












L. rigidum 2x 
L3xB1 3.46 3049 
L. perenne 2x 
M1 3.69 3.11 
L. multiflorum 1+x 
Lm4 4.00 4067 
L. tierenne x 4x 
L. mlorum 
interspecific hybrid_ 
P:i1 3082 4.47 
PM2 308o 3.89 
L. perenne 
Lp2 3.87 3076 
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5.1+ CytoloY 
The chromosome numbers of the plant material used in this 
study were found to be as stated by the supplier. 
Despite observations of a low frequency of irregular pollen 
mother cell meioses in some auto- and allotetraploid plants, 
stainability of the pollen samples remained above 5íi. In view 
of the large number of pollen grains shed by anemophilous plants 
only a much lower percentage of viable pollen grains than those 
observed (Table 4.9) would reduce the fertility of the Lolium species 
studied. 
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?Max. pollen viability ( grains stained in fluorescein diacetate) 








4 * 78 
5 75 66 58 
6 53 49 47 
7 61 69 58 
8 _ 54 67 51 
9 70 61 
10 52 67 77 
11 53 61 54 
12 59 70 
13 * 6o 59 
14 65 57 56 
15 47 
16 68 62 
17 47 62 
18 65 69 
19 58 73 69 57 
20 59 62 
21 49 55 
22 59 57 * 
23 47 58 77 69 
24 42 L6 57 
25 63 69 60 * 
26 34 52 63 
27 64 68 49 
28 * 62 63 
29 * 66 79 49 
30 51 64 63 
31 5L 61 
32 62 68 70 
33 59 63 
34 67 60 
35 48 * 79 






az * missing value 
01x02 
L3Y31 
> L. riidum, diploid 
M1 Lo perenne, diploid 
Lm3 L. multiflorum, tetra.ploid 
178 
(Appendix 1) 
Table 3 contd. 
:.:ean pollen viability ('` grains stained in fluorescein diacetate) 











3 44 57 
4 57 
5 52 49 59 
6 73 49 6o 
7 57 67 
8 71 49 65 
9 54 68 
10 60 49 53 69 
11 50 68 
12 66 52 65 
13 
11: 51 53 
52 50 
63 
15 65 67 







19 54 69 
20 64 53 69 
21 72 68 
22 65 
23 56 
24 61 51 
25 
* 46 66 
26 4B 48 59 
27 44 7o 
28 55 Jo 67 
29 54 59 
30 
31 61 51 69 
32 ,7 63 
33 6o 48 66 
34 42 
35 48 





Key: missing value 
Lm/4. L. multiflorum, tetraploid 
Fi,i1 ) L. pererne 
Pài2 ) tetraploid 
Lp2 L. perenne 







Mean pollen grain diameter (um) for plants from four F1 families 
Family 
Species Ploidy Plant 
Pollan grain diameter C 
Mean SEE n 
L. perenne 2x 4 31.01 0.88 66 
M1 13 39.31 1.29 42 
20 32.58 1.26 36 
23 34.21 1.47 33 
28 31.89 1.14 44 
29 38.62 1.04 65 
30 35.84 1.19 56 
34 31.46 1.28 30 
L. perenne 4x 4 43.21 2.33 17 
Lp2 8 43.42 1.78 13 
13 42.40 1.72 30 
18 45.85 1.44 21 
20 44.20 1.25 41 
25 46.92 1.32 31 
30 44.70 1.42 24 
31 45.86 1.27 30 
33 44.51 1,46 29 
36 42.66 0.97 67 
39 45.35 1.23 22 
L. multiflorum 4x ! 41.03 1.70 5 









17 41095 1.95 21 
13 41.4+ 2.54 11 
21 56.24 2.75 31 
24 40.56 2.11 17 
25 40073 2.46 20 
30 43.50 1.73 13 
32 50.53 2.72 14 
37 47.59 2.37 20 
L. perenne x 4x 12 42.27 3.54 9 
L. multiflorum 16 47.22 4.56 9 
interspecific 13 !+4.G4 1.31 ?5 
hybrid 19 48.50 2.96 21 
P:i1 20 43.09 1 097 15 
22 41031 1.49 27 
23 ':1.94 1.45 30 
25 45019 1.29 47 
28 44.53 1.49 21 
36 44.33 1.21 ,), 
Key, SEM standard error of mean 




Mean pollen tube length Cum) for plants from four F1 families 
Family 
Species Ploidy plant 
Pollen tube length (yw:r) 
:.:earn SFM n 
L. perenne 2x L. 164.22 13.32 66 
?í1 13 92.52 8.24 42 
20 156.55 22.77 36 
23 222.57 32.85 33 
28 87.01 8.06 44 
29 114.13 10.97 65 
30 156.12 18.62 56 
34 84.52 7.87 30 
L. perenne 4x 4 136.24 13.54 17 
Lp2 8 153.71 28.07 13 
13 129.40 t+.51 51 30 
18 78.59 10.51 21 
20 210.44 14.58 41 
25 100.61 9.55 31 
30 132.33 11.06 24 
31 91.49 6.34 30 
33 169.96 20.61 29 
36 98.78 6.09 67 
39 108.06 8.05 22 
L. multiflorum 4x 4 236.86 53.91 5 
Lm4 8 419.04 64.32 23 
10 363.11 52.10 24 
16 276.41 81091 9 
17 370.39 58.77 21 
18 283025 43.15 11 
21 407.07 22.24 31 
2+ 121.93 1017 17 
25 336.86 55.99 20 
30 485.22 92,06 13 
32 252.26 53.72 14 
37 517.27 69.17 20 
L. perenne x .x 12 151.24 17o51 9 
L. multiflorum 16 398.62 115.10 9 
interspecific 18 408.06 144.28 45 
hybrid 19 323.14 84.23 21 
Pì:í1 20 291.64 69.63 15 
29 286.84 34.38 27 
23 426.24 70.81 30 
25 379.70 37.05 47 
28 270.85 64.90 21 
36 561.66 73.03 24 
Kev: SEL standard error of mean 




can anther length (;an) for plants from six F faoilies 
Family 2_nther length (m) 
Species Ploidy Plant Mean 
L. riFidum 
L3xB1 
2x 1 3.72 0.03 126 
8 3.48 0.04 52 
12 3.88 0.04 58 
13 3.11 0.02 54 
18 3.65 0.07 51 
22 3.04 0.03 37 
25 3.39 0.02 63 
27 3.87 0.03 70 
28 3.04 0.02 95 
2x 0.02 92 L. perenne x + 3,/+5 , 9 
Y1 10 4.19 0.03 79 
13 3.47 0.03 81 
20 3.44 0.03 83 
29 4.07 0.02 102 
30 4.01 0.03 47 
31 3.77 0.03 55 
34 3.31 0.03 62 
36 3.50 0.08 42 
L. multiflorum 4x 211 3.98 0.02 65 
L..,4 36 1+.24 0.02 72 
38 3.79 0.04 43 
L. perenne x 4x 13 4.43 0.02 53 
L. multi -'lorun 19 3.48 0.03 35 
interspecific 22 4.35 0.02 53 
hybrid 23 3.86 0.02 54 
PiS1 26 3.27 0.03 22 
31 4.08 0.03 51 
33 3.59 0.03 29 
36 3.53 0.03 71 
L. perenne x 4x 3 3.75 0.03 75 
L. rultiï'lorum 6 3.81 0.05 47 
interspecific 7 4.02 0.02 93 
hybrid 14. 3.24 0.02 81 
Pi.i2 16 3.30 0.03 47 
18 4.43 0.07 48 
23 3.54 0.04 46 
L. perenne 4x 13 3.71 0.03 51 
Lp2 15 3.51 0.03 71 
25 4.24 0.02 63 
30 3.96 0.03 47 
33 3.86 0.05 58 
36 5.94 0.02 ún 
39 3.85 0.02 93 
; : SE standard error of mean 




Mean stigma length (mm) for plants from six F1 families 
Family 





L. rig-idum 2x 1 3.17 0.05 48 
L3xB1 8 2,98 0.11 23 
12 3.04 0.1C 25 
13 3.37 0.11 27 
18 3.4+ 0.07 18 
22 5.17 0.16 18 
25 4.25 0.09 18 
27 3.08 0.08 29 
28 3.88 0.10 36 
L. perenne 2x L 2.98 0.05 37 
ml 10 3.L9 0.09 29 
13 2.57 0.08 29 
20 3.38 0.11 28 
29 3.13 0.06 36 
3o 3.34 0.06 18 
31 2.91 0.08 20 
314- 3.03 0.09 32 
36 3.16 0.09 17 
L. multiflorum Lx 21+ 5.13 0.08 35 
LEA_ . 36 4.63 0.09 44 
38 4.26 0.12 28 
L. Perenne x Z;.x 18 4.49 0.15 18 
L. multiflorum 19 L..26 0.22 14 
interspecific 22 4.85 0.10 30 
hybrid 23 3.79 0.18 20 
P:,:1 26 5.22 0.29 9 
31 4.20 0.15 19 
33 4.37 0.18 11 
36 4.60 0.11 /:1 
L. perenne x Lx 3 4.40 0.11 35 
L. multl floruIl1 6 3.38 0.09 23 
in tersr.ecif is 7 4.02 0.10 41 
hybrid 1l;. 3.68 0.15 28 
r.:2 16 3o21 0.05 17 
18 5.09 0.09 
28 ''.95 0.12 20 
L. perenne 1x 13 3.56 0.11 19 
Lp2 15 3.33 0.08 26 
25 3.25 0.11 21 
30 4.4-3 0.17 18 
33 3.57 0.10 24 
36 4.20 0.07 31 
,9 3.86 0.06 ,s 
Key: SEM standard error cf mean 
n number of observations 
gPPMdDI? 2 
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INCOMPATIBILITY IN LOLIUM MULTIFLORUM 
Jessica M Hay 
Edinburgh School of Agriculture, 
West Mains Road, 
Edinburgh 
In the Gramineae, the majority of species investigated to date, (Briza media, 
Phalaris '^oerulescens, Secale cereale, Festuca pratensis, Hordeum bulbosum, Dactylis 
aschersonia and D. glomerata) exhibit a two locus (S and Z) multialielic system with 
gametophytic control of pollen behaviour. An incompatible reaction occurs when both 
alleles present in the pollen are matched in the style. Interaction between the S and 
Z loci has not been demonstrated and it appears that the two loci have a physiological 
unity (Lundqvist, 1956). 
Lolium multiflorum was chosen in preference to L. perenne, as conflicting results 
(Weimarck, 1968; Hayman and Wright, 1971; Spoor, 1976) have been obtained in studies 
on the genetic control of self -incompatibility in L. perenne. 
The technique used is based on the number of mating types present following a 
diallel cross of plants in an F1 family. The petri dish technique of Lundqvist (1961) 
was used. Pollen tube growth in the stigmas was observed by staining whole pistils 
in a 0.2% solution of water soluble aniline blue in O.1M k3PO for a few minutes, 
removing excess stain and mounting in glycerol (Dr. M.J. Lawrence, Birmingham - p.c.). 
A Leitz ortholux fluorescent microscope with BG12 and X515 filters was used to examine 
stained pistils. 
The results of one diallel cross, using 26 L. multiflorum plants, are presented 
in Figure 1. Eight out of twenty -six plants used are self -compatible. To check these 
results all plants used in the diallel were selfed. Self- incompatible plants set no 
seed, whereas self- compatible plants set only a few seeds (maximum of 14 seeds). In 
cross -compatible combinations more than fifty seeds were usually produced. Variation 
in the expression of self -fertility with genotype has been observed in L. perenne by 
Foster and Wright (1971). 
All 26 plants used in the diallel displayed different mating behaviour. Differential 
behaviour of pollen grains on stigmas indicated that a gametophytic self-incompatibility 
system was in operation. Assuming a two loci control of the incompatibility system, 
Diallel of 26 Lolium multiflorum plants 
3 5 9 13 14 15 18 19 20 21 22 24 26 27 28 29 30 31 32 33 34 35 36 38 39 40 
3 O 0 0 0 0 0 0 0 0 0 O 50000 O ooo 
9 000000000 
13 O O 0 O O 0 ?14O.O.O.O OO O 
150.0 o oo0000 o 
18 O O 0 0 O 0 0 
1 9 0 0 ®000 O O ® 
2 0 O 0 6 ) 0 0 0 0 0 0 0 
21 O O 0 0 0 O O O 
22 00 0 O O O ® O 
240 ®Oo® 
2 6 0 0 O 0 0 0 0 0 00 
27 O O O O ® O o O O 
28 O O O O e o O 0 2900 O0000000 
30 O.00OO® 0 O 
31 O O O O O o 
32 O O O O O O O O 
3 3 0 0 0 0 O ® O O o0 
34 I O O 0 O 0 O O O 0 0 0 o 
35  O 000000 
36 0 0 O0Op 
38 O0 O0 0®0000 
39 O 000®O0 4000o OE/ 00o0O0o 
Compatible O Incompatible ® Self compatibie 
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both having multiple alleles and gametophytic determination of pollen behaviour and 
individual action of alleles in the style, the F1 progeny from two plants with no alleles 
in common would produce 16 different mating types in the F1. For three loci under 
similar conditions there will be 64 mating types in the F1 and with four loci, 256 
mating types in the F1. Therefore, the results obtained to date, indicate that the 
self -incompatibility system in L. multiflorum is controlled by at least three loci. 
Figure 1 displays 69 reciprocal differences, which is characteristic of sporophytic 
self incompatibility systems. However, reciprocal differences would also be expected 
in a gametophytic self -incompatibility system if the two plants used to produce the F, 
had more than one allele in common. 
The results obtained from a diallel cross of an F1 L. multiflorum progeny indicate 
that a complex gametophytic self- incompatibility system operates, controlled by at 
least three loci. 
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